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STUDIES ON THE POSSIBILITY OF THE TRANSMISSION OF 
SALMONELLA BY COOKED FOWL®*"<« 


DOROTHY L. HUSSEMANN anp MARGARET A. WALLACE * 


Department of Home Economics, University of Wisconsin, 
Madison, Wisconsin 


[Received for publication, May 29, 1950] 


That the occurrence of Salmonella food poisoning is something of a 
present day public health problem is attested to by the fact that the 
Federal Public Health Service reported approximately 770 cases of such 
illness as occurring in the United States during 1948. Fowl and eggs 
frequently have been suggested as possible vehicles for conveying this type 
of food-borne infection to man. The question arises as to the effective- 
ness of common cookery procedures in protecting people from illness, when 
foods, especially fowl or eggs, infected with Salmonella are consumed. The 
work here described had as its objective the ascertaining of whether cer- 
tain types of Salmonella which may be harbored in fowl muscle or liver 
were destroyed during cookery. 

The relationship of the temperatures attained during cookery to the 
destruction of Salmonella present in eggs has been quite widely investi- 
gated. Rettger, Hull, and Sturges (1916) reported the effect of common 
cookery procedures on Salmonella present in whole fresh eggs which had 
been artificially contaminated. Other papers followed including that of 
Verder and Sutton (1933) who studied cookery temperatures of custards 
as related to survival of Salmonella enteritidis, of Catheart, Merz, and 
Ryberg (1942) who observed the possibility of survival of Salmonella fol- 
lowing cookery of starch-thickened custards and custard pies, of Gibbons 
and Moore (1944) who examined Salmonella-contaminated scrambled eggs, 
omelets, custards, sponge cakes, and muffins subsequent to cookery, and of 
Solowey and Calesnick (1948) who determined the effect of the tempera- 
tures encountered in scrambling eggs on Salmonella-infected reconstituted 
egg powders. 

There appears to be less evidence available relative to the effect of 
cookery on Salmonella which may be harbored in fowl flesh. The work 
of Cherry, Scherago, and Weaver (1943) demonstrated that viable Sal- 
monella were found to exist in 5.2 per cent of 250 samples of meat and 
poultry collected from retail meat markets in the region of Lexington, 
Kentucky. Thus, it would appear that Salmonella may continue to live 
in muscle or glandular tissue after the death of the host animal. A second 
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* Present address: School of Home Economies, Michigan State College, East Lansing, 
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point of consideration is the fact that Salmonella-infected fowl cannot as 
a rule be detected by their physical appearance, Jungherr (1940) ; Beister 
and Devries (1943). Hence, it would seem possible to have such birds 
move in commercial channels. Furthermore, fowl, especially turkey and 
chicken, have frequently been mentioned as the suspected source of in- 
fection when Salmonella food poisoning outbreaks occur. Among others 
Mosher, Wheeler, and Hardy (1941) and Myers (1946) have reported 
such observations. One further consideration seems pertinent. An analysis 
of the more recent studies which have been made on the serological types 
of Salmonella recovered from man {Borman et al. (1943); Edwards and 
Bruner (1943); Bornstein (1943)] and from fowl | Edwards (1939) ; Ed- 
wards, Bruner, and Morow (1948) ; Hinshaw, McNeil, and Taylor (1944) | 
indicates a great overlapping of types from these two sources. 

For several reasons, then, it appeared that the presence in fowl muscle 
or liver of viable Salmonella which could cause food poisoning in man 
might be a distinct possibility and that it would he appropriate to initiate 
work which would seek to determine whether common methods of cookery 
could be relied upon to destroy these organisms. In undertaking such a 
study evidence was gathered from two types of endeavor. First, the sur- 
vival rate of Salmonella in chickens proven to be infected with approxi- 
mately known numbers of viable cells was determined subsequent to con- 
trolled broiling or roasting procedures. Secondly, samples of cooked poul- 


try served in public eating establishments were collected and examined for 


the presence of viable Salmonella. 


EXPERIMENTAL PROCEDURE 
In that section of the work in which an attempt was made to determine the survival 
rate of Salmonella in fowl muscle or liver subsequent to controlled cooking methods, 
New Hampshire chickens were used. When the chickens were received in the laboratory 
they were pullorum tested by the method of Bunyea (1946). Since none of the chickens 
were found to be pullorum positive, all were housed, two to a cage, and given an ade 
quate ration. 
The experimental procedure for each individual bird included the following steps: 
(a) One ml. of blood was drawn from the brachial vein of the right wing and diluted 
1:10 with sterile saline. Using tryptose agar and SS agar, pour plates were 
made from the blood for the purpose of establishing whether any microorganisms 
were present prior to the laboratory-induced infection. (This step was omitted 
in some cases. ) 
A 0.5-ml. suspension representing approximately 1.45 X 10° viable cells of Sal- 
monella typhimurium 84 or a 1-ml. suspension representing approximately 3.2 X 
10° viable cells of Salmonella pullorum, A-66, was introduced into the left brachial 
vein of the fowl. The lesser amount was injected into the broilers and the greater 
into the roasting chickens. This inoculum was prepared by suspending Salmonella 
cells grown on tryptose agar (Difco) slants for 24 hours at 37°C. in sterile 
saline, and adjusting to a turbidity permitting a 12 per cent light transmission 
on a photoelectric colorimeter. 
One hour was allowed to elapse and then 1-ml. blood sample was withdrawn 
from the left brachial vein. This blood was diluted and plated on SS agar in 
order to establish the number of viable Salmonella circulating in the blood stream. 
The chicken was killed immediately by decapitation and dressed and drawn by 
home methods. 
Raw tissue samples for bacteriological analysis were taken from the right side 
of the bird. The sites of sampling included the breast muscle, the heavy inside 
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musculature of the leg, the lower back muscle near the tail, and the liver. The 
samples from the leg and breast were taken with sterile number 6 or number 7 
cork borers and those from the tail and liver were cut with sterile scissors. Each 
of these samples was weighed by difference in a sterile weighing bottle and 
incubated 24 hours at 37°C. in tetrathionate enrichment broth (Difco). 
The left side of the broiling chickens and the entire roasting chickens were 
cooked by methods currently advised by home economists for home use. Since 
in this laboratory some difficulty was encountered in correlating an appropriate 
degree of doneness of the meat and a specific temperature of either breast or 
leg muscle, the degree of cooking for the chickens was judged by timing. The 
total time of cookery for the broilers was 41 minutes; for the roasters 35 min 
utes per pound was used. The rate of heating gvas followed by placing copper 
constantan thermocouples in the breast and thigh of the broiling chickens. These 
positions were analogous to those from which the samples were drawn. Similarly, 
thermocouples were placed in the breast, leg, and tail region of the roasting 
chickens. A thermometer was used in the liver samples. The temperature of the 
broiling oven and the oven also were determined by a thermocouple. Temperature 
readings were made every 3 minutes for the broilers and every 5 minutes for the 
roasting chickens, except for the liver for which temperature was determined at 
the end of the broiling period or at 15-minute intervals for the roasting chickens. 
The broiling chickens were placed on a rack one-half inch above the bottom 
of a shallow, uncovered pan in a preheated electric oven adjusted to broil. The 
pan was placed 11 inches below the broiling unit. The chickens were broiled 
with the cavity side up for 20 minutes, then turned and broiled for an average 
of 21 minutes. The liver was placed on the broiler rack when the chicken was 
turned. The larger chickens were roasted, breast down, on a rack one-half inch 
above the bottom of a shallow uncovered pan in an electric oven, with the regu 
lator set at 325° F.(163°C.). The liver was placed in the oven during the last 
hour of roasting. 
Immediately following removal of the chicken from the broiling oven or the 
oven, a series of samples was taken from the same positions on the left side of 
the bird as had been utilized in sampling the right side of the raw bird. The 
sqgmples obtained were treated in a manner identical with the raw samples. 
To prepare both the raw and cooked samples for bacteriological analysis, each 
was ground on a power mixer in the tetrathionate broth in which it had been 
incubated. Qualitative tests for the presence of viable Salmonella were made by 
using SS agar and preparing duplicate streak plates of the original ground 
sample. Quantitative tests were made on this same medium by preparing tripli 
eate pour plates of various dilutions of the original ground samples. All! plates 
were incubated for 24 hours at 37°C. and then examined. Counts were made of 
the pour plates. Representative colonies from both types of plates were picked 
and transferred to Krumweide’s triple sugar agar slants. After a 24-hour incu 
bation, smears of those cultures which produced a yellow butt with gas and a 
red slope were Gram-stained. Transfers of those cultures demonstrated to be 
short, Gram-negative, non-sporforming rods were sent to the Salmonella Typing 
Station at Lansing, Michigan for positive identification. 
It seemed that the possibility of cross contaminating foods with Salmonella 
organisms after handling diseased fowl might exist. To test this premise the 
worker, after drawing and washing the roasting hens dried her hands on a clean 
towel and sliced liver sausage with a sterile knife. The liver sausage was left 
at room temperature in a sterile Petri dish. Samples of liver sausage were taken 
with a cork borer at the end of 2 and 4 hours. These samples were analyzed 
for the presence of viable Salmonella as previously described for the broiled and 
roasted chicken. 


In an attempt to ascertain how great a health hazard exists at the present time in 
the cooked fowl being served in publie eating establishments a total of 280 samples 
(229 chicken, 40 turkey, and 11 duck) were collected from dormitories, hospitals, and 
hotels and were examined for the presence of Salmonella. These samples included 
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fresh and frozen fowl which had been steamed, fried, fricasseed, or roasted by institu 
tional methods. 

From each whole chicken one sample was taken from the breast, one from the heavy 
inside musculature of the leg, and one from the tail region. From those chickens which 
were sectioned, only two samples were obtained: one from the breast and one from the 
heavy inside musculature of the leg. Although the samples were taken and treated in a 
manner almost identical with that described above for the cooked chicken, a somewhat 
different selection of plating media were used. Qualitative tests for the presence of 
viable Salmonella were made by preparing triplicate streak plates of the original ground 
sample on SS agar (Difco) and on MacConkey’s agar. Quantitative tests were made 
by preparing triplicate pour plates of dilutions of the ground samples on tryptone 
glucose extract agar as well as the SS and MacConkey’s agar. During the latter part 
of the study the use of the quantitative plates from selective media was discontinued 
since no Salmonella-like organisms seemed to appear on them, and only the use of the 
tryptone glucose extract agar was continued. 

Representative colonies appearing on any medium were transferred to tryptone 
glucose extract agar slants or Krumweide triple sugar agar slants and studied further 
for fermentation reactions and response to the Gram stain. 


RESULTS AND DISCUSSION 


Table 1 summarizes the results obtained when chickens proven to have 
viable Salmonella typhimurium circulating in the blood stream were killed 
and cooked by broiling. The average weight of the chickens was 884 
grams. Figure 1 shows the rate of heat penetration and the temperatures 
reached during such cookery. It is obvious that under conditions of these 
experiments broiling did not destroy 100 per cent of the viable Salmonella 
cells even though temperatures of 93-96°C. were attained. 


TABLE 1 


The Number of Viable Salmonella in Chicken Tissue Before and 
After Broiling’ 


Before broiling After broiling 


Number Number 
Salmonella per gm of Salmonella per gm o 
samples samples 


Per cent 
reduction 


Tissue 


Breast 3.75 X 10° 13 9.05 X 10° 10 
(1.0 X 10° — 2.9 XK 10°") (0 — 1.37 X 10°) 
2.7 X 10° 2 [38X10 98.59 


Leg 
(1.0 X 10° — 2.0 K 10") (0 — 1.8 X 10°) 





Tail region | 3.15 X 10° 5.6 X 10° 
(1.0 X 10° — 2.48 X 10") (0 — 4.21 X 10°) 
Liver 1.1 X 10° 15 1.24 X 10° 

(9.0 X 107 — 6.23 X 10°) | (0 — 5.26 X 10°) | 














' Samples plated on SS agar after 24 hours incubation at 37°C. in tetrathionate broth. 


Further amplification of the results presented in Figure 1 is possible 
if they are considered concurrently with the qualitative tests for the 
detection of viable Salmonella subsequent to having broiled the chickens. 
The qualitative tests were made by streaking portions of the undiluted 
suspension of chicken in tetrathionate broth, on SS agar. One hundred 
per cent of the plates so made from raw chicken yielded growth of Sal- 
monella. The percentage of plates similarly made from the broiled chicken 
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which showed Salmonella colonies also was quite high, i.e., 81.2 per cent 
of those from the breast, 87.5 per cent of those from the leg, 81.2 per cent 
of those from the tail region, and 62.5 per cent of those from the liver. 
In no case was a Salmonella-infected chicken found to be completely free 
of viable cells subsequent to broiling. Salmonella were detected by the 
qualitative test plates at one or more sampling sites following the com- 
pletion of cookery in every chicken. 


Groiling Oven 


WEG Cc.) 
e® §§ 3 


TEMPERATURE 
g 


r 4 rn 1 n l i n n 4 rn 
6 9 (5 18 2 2446—6Uu2FtMC—<~CSC SCC IHC 


TIME (MINUTES) 


Fig. 1. Rate of heat penetration at the breast and at the leg of chicken during 








broiling (average of 16 determinations). 


Thus, while the. percentage of viable Salmonella cells destroyed by 
broiling was very high, in no case was an infected chicken rendered free 
of such bacteria under the conditions of these experiments. 

Table 2 and Figure 2 present similar data for the roasting of chickens. 
The average weight of the roasting chickens was 1871 grams. In no case 
did roasting appear to destroy all of the viable Salmonella cells present in 
the chicken. This again was verified by the data obtained from qualitative 
tests. For all roasted chickens, growth of Salmonella was obtained from 
one or more of the areas sampled by use of SS agar (Difco) streak plates. 

It should be pointed out that when Salmonella were detected on the 
qualitative test plates and appeared to be absent from all quantitative 
plates made from dilutions of the identical suspension of chicken or when 


colonies per plate were too numerous to count, such data were cast out in 


drawing up the averages for numbers of colonies per gram of chicken. 
When both qualitative and quantitative plates from a given specimen 
were negative, such results were included in making the numerical aver- 
ages. Such a procedure seemed justified in that the positive qualitative 
tests indicated the organisms to be present and their absence from the 
quantitative plates indicated an improper degree of dilution rather than 
truly negative results. In further considering the numerical average fig- 
ures for the quantitative study, it will be observed that the counts were 
made in all cases after a period of enrichment of the test samples in tetra- 
thionate broth. Thus, the values for per cent reduction of cell count are 
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relative rather than absolute. The use of a period of tetrathionate enrich- 
ment for the test samples finds precedence in the work of Gibbons and 
Moore (1944) and Solowey and Calesnick (1948). 


TABLE 2 


The Number of Viable Salmonella in Chicken Tissue Before and 
After Roasting’ 


Before roasting After roasting 
| Number Number 
Salmonella per gm. of Salmonella per gm. | of 


| 
} 
Tissue 
| 
samples | samples 


Per cent 
reduction 


9.36 X 10° 


(1.0 KX 10° — 9.551 X 10°) 


| 
Breast 7 1.8 X 10° |} 7 | 999 
| 0 — 2.93 X 10*) | | 


Leg 


4 
| 
| 
~ Rosas 
| 7-31 x 10° 1.96 X 10* | 99.9 
| (3.3 X 10° — 3.563 X 10°) (0 — 7.03 X 10‘) | 
| 
| 


Tail region 99.9 
(1.9 X 107 — 1.504 X 10°) (0 — 4.35 X 10*) | 


99.9 


Liver 11.56 > 9.23 X 10° 7 


| 
3.99 X 10° wr X 10* | 
(8.5 X 10° — 9.307 X& 10°) | | (0 — 2.21 X 10‘) 


| 
| 
| 
t 


Samples plated on SS agar after 24 hours incubation at 37°C. in tetrathionate broth 
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Fig. 2. Rate of heat penetration of the breast, leg, and tail region of chicken 
during roasting (average of eight determinations). 
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The implications regarding the effect of temperature on the destrue- 
tion of Salmonella present in chicken muscle and liver seem to be fairly 
clear-cut if the data for the broiled chicken muscle only are considered. 
Apparently, the higher the degree of heat attained, the greater the per- 
centage destruction of the viable Salmonella cells. The relationship is not 
so sharply defined when the roasting chickens are considered. The most 
probable explanation in these latter cases is the length of time of heating. 
Certainly neither broiling nor roasting chickens by presently recommended 
practices freed them completely of viable Salmonella cells when present. 
This was true in spite of the fact that in some cases the temperature was 
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above 100°C. for a period of time. The average maximum temperattre 
for the broiled livers was 101.5°C. and for the roasted livers 93°C. 

In experiments aimed at studying the effect of cookery on viable Sal- 
monella in eggs, Gibbons and Moore (1944) reported the destruction of all 
Salmonella present by temperatures attained in scrambling eggs (3 min- 
utes cooking time; maximum temperature of 82°C. inoculum in 2,000,000 
to 5.600.000 cells per gram of dried egg powder), in cooking omelets (4 to 
5 minutes, maximum temperature 94 to 98°C.), custards (internal tem- 
perature of custard not given), and in baking sponge cakes and muffins. 
Verder and Sutton (1933) fed custards heated to 62 to 72°C. to two 
persons and washings from these custards which had been heated to 62 
to 64°C. for 30 minutes. None became ill although in one case the wash- 
ings contained a few live organisms. Catheart, Merz, and Ryberg (1942) 
reported that bringing starch-thickened ‘‘eustards’’ to a boil rendered 
them free of Salmonella. Likewise, they found inoeulated custard pie 
to be rendered sterile in relation to Salmonella by baking 25 to 35 minutes 
at 246°C. Not agreeing entirely with the above observations was the work 
of Solowey and Calesnick (1948) who found that scrambling Salmonella- 
contaminated eggs (temperatures to 75°C. were examined) could not be 
depended upon to free the eggs of the organisms. In general, the results 
presented in this paper indicate a persistence of the Salmonella cells at 
somewhat higher temperatures than has been previously shown. It must 
be noted, however, that the number of Salmonella cells used in the inoeu- 
lation of the chicken was high. 

In all cases the strains of Salmonella which were recovered from the 
cooked chickens were shown by the Typing Laboratory to be identical with 
the strains used for inoculations. 

The somewhat limited study on the possibility of cross contamination 
to other foods from handling Salmonella infected chicken resulted in posi- 
tive results in a large majority of the cases. Of ten samples on which plate 
counts were made at the end of 2 hours, the average number of Salmonella 
colonies per gram of liver sausage was 1.11 & 10° and of eleven samples 
held 4 hours was 5.89 * 10°. 

Turning to the survey made of cooked fowl served in public eating 
places, it was found that in no case was Salmonella recoverable from any 
sample. In general, about 50 per cent of the samples of chicken, duck, 
or turkey yielded growth on tryptone glucose extract agar but neither on 
this medium nor on the more selective media were Salmonella organisms 
detected. The percentage of samples yielding growth on the selective 
media was quite low (0-16.6 per cent on SS agar; 0-21.4 per cent on Mac- 
Conkey agar). The organisms recovered from the selective media appeared 
to be coliforms but the study of them was not extended. 

There is no basis for knowing whether the chickens, ducks, and turkeys 
examined were Salmonella-free or whether the cookery employed rendered 
them sterile of these organisms. The methods used in preparation of the 
fowl analyzed in this survey include fricasseeing, frying, steaming, and 
roasting. In all cases the report of the chef indicated the application of 
high temperature over relatively long periods of time. The ducks and 
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turkeys were roasted at much higher temperatures than those currently 
suggested as giving the most desirable quality of cooked meat. For exam- 
ple, the ducks and turkeys were roasted throughout their period of cookery 
at 450°F.(232°C.). This would mean that such poultry would be lacking 
in juice and flavor. It is possible that longer cooking at somewhat lower 
temperatures might result in fowl of both increased palatability and equal 


safety. 
SUMMARY 

The possibility of food poisoning resulting from the transmission of 
Salmonella from infected chicken to man was examined. A consideration 
of broiling and roasting as cookery methods which might destroy the 
Salmonella and render the chicken safe was emphasized. The problem 
was further studied by analyzing samples of cooked fowl secured from 
publie eating establishments for Salmonella. 

The results indicate that currently accepted methods of broiling or 
roasting markedly reduce the number of Salmonella present in chicken 
muscle or liver. However, in no case was a chicken rendered sterile of 
Salmonella, by cookery methods used in these experiments. 

Of 280 samples of cooked fowl collected from public eating establish- 
ments, none were found to contain viable Salmonella. High temperatures 
during cookery were reported to have been used in all cases. This pro- 
cedure or the fact that the chickens were Salmonella free previous to 
cooking may explain the negative results. 

Contamination of other foods resuliing from previous handling of dis- 
eased chicken appears to be a possibility. 
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The problem of how bacteria increase after defrosting a frozen food 
seems not to have been investigated extensively. A voluminous literature 
is available relative to the total number of viable cells in frozen foods 
immediately after defrosting, but little attention has been given to later 
intervals of sampling and to the food requirements of the surviving cells. 
Standard procedures are usually employed by the control laboratory, 
hence there is little concern for such experimental studies. Those persons 
responsidle for the microbiological aspects of the quality control of a food 
adopt plant practices to insure satisfactory results. This is as it should 
be. However, the constant study and improvement of laboratory proce- 
dures may permit even more representative results than were formerly 
obtained. 

In this study, the growth characteristics of bacteria that survived 
storage in frozen eggs were investigated. The work was predicated upon 
the belief that, if pathogenic forms were present in a food, their potential 
health hazard should be known, even though modern plant practices and 
the bactericidal effect of the freezing process minimize the danger of 
infecting the consumer. The longevity and behavior of Micrococcus pyo- 
genes var. aureus, Shigella dysenteriae, and a non-pathogenic organism, 
Escherichia coli, was studied at various subfreezing temperatures. 

Since Dyar and Keith (1893) first suggested E. coli as an indicator 
of polution, it has often been the test species when studying the the effect 
of temperature on bacteria. That EF. coli and the coliform group could 
survive in frozen eggs has been shown by many investigators: Brownlee 
and James (1939), Colien (1942), Holtman (1943), Johns and Berard 
(1946), Nielson and Garnatz (1940), Pennington (1941), Quinn and Gar- 
natz (1943), Schneiter, Bartram, and Lepper (1943), Sherman and Naylor 
(1942), and Wallace and Park (1933). In previous studies it has been 
observed that a rapid reduction in viable cells oecurred in the early periods 
of exposure and storage at subfreezing temperatures; however, viable cells 
were present in some samples after 18 months. 

E. coli was also the test species used in describing the effects of cold 
temperatures on the culture when still within the growth range, by Heg- 
arty and Weeks (1940), Sherman and Cameron (1934), and Sherman and 


* This investigation was supported (in part) by a research grant from the Division 
of Research Grants and Fellowships of the National Institutes of Health, U. S. Publie 
Health Service. The author gratefully acknowledges, also, the assistance of the Purdue 
Research Foundation while doing this research. 

* Presented at the Tenth Annual Meeting of the I. F.T., Chicago, Illinois, May 23, 
1950. 





98 S. E. HARTSELL 


Naylor (1942). In these studies a ‘‘ physiological rejuvenescence’’ of sur- 
viving cells was described as a part of the explanation of lag in the culture. 
The ability of EZ. coli to survive extremes of subfreezing temperatures per- 
mitted other investigators, Haines (1935) and (1937-38), Hampil (1932), 
Hershey (1939), Hilliard and Davis (1918), Lipman (1937), Monod 
(1949), Weiser and Hargiss (1946), Weiser and Osterud (1945), and 
Yudkin (1937), to elucidate some of the principal effects, both physical 
and chemical, that subfreezing temperatures have on bacteria. However, 
in these investigations the medium was one of the constant factors and 
apparently was not varied experimentally, though tests for viability were 
the criteria upon which the conclusions were based. 

Curran and Evans (1937) and Nelson (1943) have drawn attention 
to the concept that bacteria or their spores when subjected to extremes 
of physical or chemical environment are more demanding in their nutri- 
tional requirements. Gunderson and Rose (1938) found that violet-red 
bile agar is very inhibitory to coliform bacteria in frozen foods; hence 
microbial standards for judging the quality of the product must take 
this into consideration. Presumably, investigations on the longevity and 
behavior of this group at subfreezing temperatures should utilize other 
media which are more optimal for these organisms than some of the 
selective media currently available. Goresline (1946) has indicated the 
superiority of glucose tryptone agar over other plating media when de- 
termining the viable bacterial count of frozen vegetables. Hartsell (1944) 
has shown that yeast water added to glucose tryptone agar is a desirable 
medium for determining the total bacterial counts of stored, spray-dried, 
whole-egg powder. In the present investigation further evidence is pre- 
sented for the use of such a highly nutritive substance, when detecting the 
viability of cells having been exposed to severe physical conditions. 

The hardiness of M. aureus, another test species in this study, at 
subfreezing temperatures has been observed in the investigations of Gun- 
derson and Rose (1948), Haines (1935), Jones and Lochhead (1939), 
Lochhead and Jones (1938), and MeCleskey and Christopher (1941). 
The latter investigators and Wallace and Park (1933) reported that 
S. aertrycke, the third test species, could survive when held at —18°C. 
for several months. 

In the present paper observations are reported on the ability of these 
bacteria to initiate growth after having been frozen. In addition, results 
are presented on their survival at various temperatures, on the influence 
certain media have on surviving cells, and on the correlation of these 
observations with the time of sampling. 


METHODS 

The preparation of the egg-culture mixture, prior to freezing, was as follows: 
Fresh eggs, never more than 24 hours old, were candled, immersed in a 0.2 per cent 
solution of bichloride for 15 minutes, then into 7 per cent tincture of iodine momen 
tarily, air dried, and broken into a Waring Blendor, mixed for three seconds and 
allowed to stand for ten minutes. A suspension of the test species was made in phos 
phate buffer, pH 7.0, from the growth on an 18- to 24-hour yeast extract-veal infusion 
agar slant. The suspension was then standardized to a reading of 70 on the Cenco 
Sheard Photelometer. Different amounts of the suspension, according to the demands 
of the experiment, were then introduced into the liquid eggs. The mixture was blended 
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were transferred to sterile test tubes. Platings were 
Since these studies were experimental 
‘*eontrol’’ medium 


for five seconds and ten ml. 
made immediately to obtain the initial counts. 
with regards to the media to be used in detecting viable cells, a 
of yeast extract-veal infusion agar was used. This medium, hereafter designated YE-VI 
agar, was composed of 100 ml. of yeast water, 100 ml. of veal infusion, 0.5 per cent 
tryptone, 0.5 per cent proteose peptone, 0.5 per cent sodium chloride, 2 per cent agar, 
and water. The medium was adjusted to pH 7.0. The experimental plating media were 
MacConkey agar for E. coli and S. dysenteriae, and Staphylococcus Medium No. 110 
(Difco) for M. aureus. 

The eggs were quick frozen at —25°C. for four hours, then transferred to storage 
temperatures of —1°C., —9°C., or —17.8°C., according to the demands of the experi 
ment. Defrosting and holding of the tubes for growth initiation studies was in a 37°C. 
water bath. After five minutes the eggs were completely defrosted and plates of appro 
priate decimal dilutions were poured in triplicate. Total counts were made after 48 
hours of ineubation at 37°O. 


YE V/ Med. MacConkey Med. 
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Fic. 1. Growth initiation of EZ. coli after storage at —9°C, ‘‘M’’ signifies months 
of storage, ‘‘Hours’’ the period of time after thawing. 


RESULTS 

The total plate counts for FE. coli, as represented in Figure 1, show 
that YE-VI agar was much more satisfactory than MacConkey agar when 
detecting viable cells after storage of this culture at —9°C. for many 
months. The toxic effect of yeast extract, noted by Curran and Evans 
(1937) when testing the viability of heat-treated spores, was not evident 
in these experiments. Perhaps it had been neutralized by some compo- 
nent of the veal infusion or of the defrosted eggs. 

On the other hand, MacConkey agar was inhibitory to the surviving 
cells when the sample was plated immediately after defrosting; yet this 
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medium possessed some constituents which favored the growth of cells 
three and six hours later. The abrupt rise in total celi count, particularly 
six hours after defrosting the cultures stored for six, 12, and 14 months, 
indicates an especially suitable medium for the surviving cells. 

After two and six months of storage, both media showed higher counts 
for the culture six hours after defrosting and holding at 37°C. than were 
obtained with the initial (0-month) plating. Apparently the subfreezing 
temperature altered the physiological status of the surviving cells so that 
a much shorter generation time occurred. The reason for this stimulus is 


not too evident. In any case, the same types of curves were obtained at 
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Fig. 2. Growth initiation of M. aureus after storage at —9°C. 


months of storage, ‘‘Hours’’ the period of time after thawing. 


**M’’ signifiies 


the intervening plating periods with two other levels of initial population 
held under identical conditions for the same periods of time. Apparently 
the ‘‘physiological rejuvenation’’ of bacteria, described by Sherman and 
his colleagues (1934, 1942) for chilled cultures of EZ. coli, can occur in 
cultures which have been frozen and stored at subfreezing temperatures. 
The stimulative effects of the environmental conditions used in this study 
have been noted in several species of bacteria, with varying levels of initial 
population and at different temperatures of storage. Salmonella oranien- 
burg, Salmonella typhosa, and Salmonella aertrycke were affected in the 
same manner as E. coli. 

M. aureus, when plated on the control medium and the selective me- 
dium No. 110, again indicated the superiority of YE-VI agar when testing 
the viability of frozen pure cultures of bacteria in whole, liquid eggs 
(Figure 2). However, the bacteriostatic action of salt in this medium 
would make it very practical when testing commercial samples of frozen 
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eggs because of its inhibitory effect on many associated bacteria. The 
stimulus of the cold temperatures to the generation time of the defrosted 
cells is again evident, as well as the very hardy nature of this species when 
stored at —9°C. 

S. dysenteriae was much more sensitive to the conditions of these 
experiments. Apparently growth in the unfrozen liquid eggs was difficult 
for this organism (Figure 3). Tests for the susceptibility of this strain 
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Fig. 3. Growth initiation of S. dysenteriae after storage at —9°C. ‘‘M’’ signifies 
months of storage, ‘‘Hours’’ the period of time after thawing. 


to the lysozyme of egg-white indicated that it was insensitive. Other fac- 
tors must have accounted for the early evidence of low viability. The 
results indicate that, after 2.5 months of storage, adaptation of the cul- 
ture to some extent had occurred. Six hours after defrosting a slight 
stimulus to cellular growth was evident. The abrupt rise in the growth 
curve, as discerned from the counts on both media, indicates that the 
same type of stimulus noted with £. coli occurred in these cultures. The 
inhibitory influence of MacConkey agar, and the superiority of YE-VI 
agar, at the three-month storage interval clearly indicates that platings 
made immediately after defrosting were not representative of the viable 
cells present in these tubes. Yet this medium afforded relatively opti- 
mum conditions for growth of S. dysenteriae three and six hours after 
defrosting. 

Since the analysis of the data on the longevity of the cultures was 
made before the analysis of the behavior after defrosting, it was of inter- 
est to inquire how soon after freezing and storage this phenomenon could 
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be observed. Figure 4 shows that E. coli evidenced this change after one 
day of storage at —9°C. The stimulation reached a maximum after one 
month of storage and was still evident after two months, particularly six 
hours after defrosting. This was true in both media, even though a lower 
level of viable cell population was detected in MacConkey agar. 

It is common knowledge that ‘‘sharp’’ freezing injures the bacterial 
cell very little. Storage of the test species at —18°C. showed very little 
change in the early growth curve of the experimental cultures as well as 
the control. E#. coli was stimulated after storage at this temperature (Fig- 
ure 5) and manifested the same type of growth curve as when stored at 
—9°C. M. aureus remained very much the same in its growth pattern at 
all intervals of sampling throughout seven months of storage. S. dysen- 
teriae initiated growth as usual. However, the zero count, obtained imme- 
diately after defrosting of the 12-month culture, again emphasizes the 
misrepresentative evidence of viability that can be obtained with certain 
selective plating media. 

DISCUSSION 

The data indicate that the culture medium and the time of sampling 
after defrosting frozen eggs are very important factors if representative 
total plate counts are to be obtained. A medium such as yeast extract- 
veal infusion agar, which has considerable quantities of essential metabo- 
lites, will permit frozen cells to initiate growth much more easily than 
selective plating media. It has also been shown that the pathogens, 1. 
aureus and S. dysenteriae, as well as the non-pathogen, E. coli, will survive 
storage in frozen eggs held for many months at subfreezing temperatures. 

MacConkey agar was inhibitory to EZ. coli and S. dysenteriae when the 
stored eggs were plated immediately after defrosting; however, this me- 
dium provided satisfactory growth conditions for the culture three and six 
hours after defrosting. The explanation for this result is not immediately 
apparent. Since the bacteria were stored in frozen eggs, where they had 
become accustomed to a low surface tension, the bile salts in MacConkey 
agar may have provided optimal conditions of osmotic pressure for the 
generating cells, particularly a few hours after being defrosted. This 
factor was observed by Levitt and Searth (1936) to be very important in 
the frost-hardening of living plant cells. 

The presence of a readily fermentable carbohydrate, lactose, might 
account for a part of the rapid generation rate noted when E£. coli grew 
on MacConkey agar. However, the YE-VI medium, which did not contain 
lactose, reflected the same rapid rise in cell count in the early growth 
phases. Presumably the vitamin demands of the frozen cells were rather 
easily satisfied in this medium, because a consistently higher level of total 
plate count was obtained at all sampling intervals. 

Staphylococcus medium No. 110 was not as effective in growing M. 
aureus after the latter had been stored for six and 12 months in frozen eggs; 
however, it was not inhibitory to the generations of cells three and six 
hours after defrosting. Apparently this bacterium requires a physical or 
nutritive environment, as represented in YE-VI agar, which is much more 
optimal in vitamins and trace elements. 
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Fic. 4. Early evidence of the stimulation of E. coli by a temperature of —9°C. 
‘*D’?’ signifies days, ‘‘M’’ months of storage, ‘‘Hours’’ the period after thawing. 
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Fic. 5. Growth initiation of test organisms after storage at —18°C. ‘‘M’’ signifies 
months of storage, ‘‘ Hours’’ the period after thawing. 
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E. coli, after thawing, though reduced in numbers of viable cells as 
storage continued, initiated growth more vigorously than the unfrozen 
control. S. dysenteriae and M. aureus did likewise. This was evident from 
the counts of the control medium and the selective medium, which reflected 
a stimulus to greater metabolic activity to the extent of a shortened gen- 
eration time. 

S. dysenteriae was not particularly vigorous in its viability under the 
conditions of these experiments, but showed the same stimulus after two 
and one-half months of storage. Thus, the activation to the generation 
processes of bacteria at freezing temperatures appears in the relatively 
resistant M. aureus and the relatively sensitive S. dysenteriae, as well as 
the moderately vigorous E. coli and the Salmonella. 

The physiological stimulation, observed in these studies as occurring 
in frozen eggs stored at —9°C., also occurred in populations at —1°C. and 
—17.8°C. The contrast in the growth initiation of the different cultures 
was greatest at —9°C. where, curiously, the greatest reduction in viable 
cells was noted. The vigorous physical alterations of the colloidal state 
of the cells at this temperature apparently are beneficia) to surviving bac- 
teria if the changes are reversible, and suitable nutrients are available in 
the form of plating media. 

Hershey (1939) questioned the observations of Curran and Evans 
(1937) that enrichment substances were necessary for accurate enumera- 
tion of bacteria which have been exposed to highly lethal physical or 
chemical factors. He considered that provision of a liquid state about the 
surviving cells would create physical conditions much more conducive to 
growth of the culture. A more accurate enumeration of viable cells would 
thus be obtained if liquid media were available for the determination of 
the Most Probable Numbers of a culture. In view of the experiments 
reported above, the suggestion seems particularly appropriate that con- 
siderable effort be directed toward the provision of better methods for 
detecting viable coliform bacteria and potential pathogens in frozen foods. 

The above data also indicate that an extended series of studies on the 
practical aspects of defrosting frozen foods might show that, if pathogens 
were present, more representative results would be obtained, at least in 
frozen eggs three to six hour after defrosting. This would be particularly 
true if the product had been stored for very long periods of time. Plat- 
ing of such samples’ immediately after defrosting gave entirely erroneous 
results; viable cells were present, but needed time and an appropriate 
plating medium to indicate their presence. 


SUMMARY 

E. coli, M. aureus, and 8S. dysenteriae were observed to be stimulated 
in their generative processes in liquid whole eggs by ‘‘sharp’’ freezing 
and storage at subfreezing temperatures. The increased rate of binary 
fission was observed early in the storage period and occurred in cultures 
stored for many months. The need for a highly nutritive plating medium, 
such as yeast extract-veal infusion agar, for bacterial cells exposed to such 
physical conditions has been shown. If more representative plate counts 
are desired the use of such a medium is clearly indicated. The selective 
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medium, MacConkey agar, was inhibitory to E. coli and 8S. dysenteriae 
when first defrosted, but was satisfactory after the culture had been incu- 
bated for a few hours. This medium reflected a stimulus to rapid cellular 
generation in the later storage periods, presumably by reason of some 
physical and chemical factors peculiar to the influences of subfreezing 
temperatures. The importance of the sampling time of defrosted eggs 
suggests the need for further studies, if representative results are desired 
when using selective plating media for the cultivation of E. coli, M. aureus, 
and S. dysenteriae from frozen eggs. 
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The processing of foods is a large and important industry and has 
become a necessity in our modern way of life. Through processing, the 
excess from one harvest may be carried over to the next and perishable 
foods may be served out of season. In addition, the processing of foods 
often makes them more acceptable to the consuming public. Flavors and 
palatability are often improved and in some cases the food value of the 
nutrient constituents is also increased. 

On the other hand, some food processing methods are deleterious. Per- 
haps the most widely recognized food nutrients which are destroyed to 
various degrees by commercial processing as well as by home cooking are 
the vitamins. Less recognized but just as important is the loss in protein 
nutritive quality. Although the deleterious effects of heat treatment on 
proteins have been known for a long time, it is only lately that this impor- 
tant problem has received the attention that it merits. 

Our interest has been centered around the effects of heat on protein 
nutritional quality and more specifically on the effects of heat on proteins 
when reducing sugars such as dextrose are present during the processing. 

The reaction that takes place is apparently that of the nonenzymatic 
browning (Maillard) reaction between the free amino groups of the pro- 
tein and the reducing sugar. This reaction is important in that the storage 
life of many foodstuffs is shortened because of this reaction which causes 
darkening, flavor changes, and sometimes formula failure. There is evidence 
now to indicate that the nutritive value of the protein is also impaired. 
Likewise, during the processing of some food materials such a reaction also 
occurs, resulting in color and flavor changes, and more important, in nutri- 
tional changes which have only recently been recognized. 


METHODS 


Preparation of Protein-dextrose Complexes. In these experiments casein*® was used 
as the protein. Unless otherwise stated the casein-dextrose complexes were prepared 
by mixing one gram of casein with one gram of dextrose* per gram of pure protein 
(N X 6.38) and 0.5 ml. of water per gram of casein, and autoclaving for the desired 
period and at the designated temperature. Usually one-kilo batches were prepared in 
shallow Pyrex pans. 

Animal Assay Methods. Diets were prepared from treated and untreated casein so 
that the protein content was approximately ten per cent and fat was added to six 
per cent. There was a full complement of vitamins and minerals, and starch was added 


*A part of this paper was presented before the Tenth Annual Meeting of the I.F.T., 


Chieago, Dlinois, May 22, 1950. 
* General Biochemicals, Inc. * Merck’s anhydrous. 
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to make the diets isocaloric. Cod liver oil was administered twice a week by mouth. 
The composition of the diets is shown in Table 1. 


TABLE 1 
Composition of the Diets Used 


Choline chloride 
a-Tocopherol acetate 
Pyridoxine HCl 
Caleium pantothenate. 
Riboflavin 
Thiamine HC! 012 gm. 
gm. 
0.0003 gm. 
0.0009 gm. 
gm. 
gm. 
2-Methy]-1,4-napthoquinone acetate 002 gm. 
Protein, to make 10 per cent 
Corn starch, to make up t gm. 


1U.8S.P. XII (Nutritional Biochemicals). 


The animals were housed in individual raised-bottom wire cages in an air-condi- 
tioned room at 24°C. Water was offered ad libidum. Male, weanling, aibino rats, 
28-29-days old were usually used, six to a group. For some tests five males and five 
females were used. Animals were distributed so that the average weights of the respec- 
tive groups were comparable. The paired feeding technique was used, the group of 
animals eating the least being used to control the food intake of the other groups. The 
animals were weighed three times a week. The duration of the tests was 28 days. 

Carbohydrate Binding. Ten grams of the material were placed in a glass tube, 12 
mm. inside diameter and 14 inches long. The bottom four inches of this tube were 
constricted to four mm., i.d. At this constriction a wad of glass wool was placed and 
the sample poured in on top. The constricted end was fitted through a stopper and 
placed in a three-liter filtering flask. Distilled water was allowed to percolate through 
the sample until negligible solids were leached out. From time to time the sample was 
mixed to prevent channeling. 

At the end of the extraction the samples were dried and analyzed for nitrogen. 
The per cent bound carbohydrate was then calculated as follows: 

(N of untreated casein — N of extracted complex/N of untreated casein) X 100. 

Determination of Reactive Amino and Carboxyl Groups (Dye-binding). The deter 
mination of reactive free amino groups and carboxyl groups was carried out by a 
modification of the method of Fraenkel-Conrat and Cooper (1944). 

The proteins were ground in a Raymond mill and sifted for three minutes on silks. 
The size fraction between 6xx and 8xx was used. 

Ten milligrams of sifted protein (N X 6.38) were weighed into each culture tube 
(15 X 150 mm.) and two glass beads were added. Eight dye concentrations per sample 
were found to give a suitable spread and seven were needed for the blank. Each sample 
was run in duplicate. To each tube was added one mil. of buffer and varying amounts 
of dye (0.5 ml, to 17.0 ml. for the samples, and 0 to 20.0 ml. for the blank). 

The tubes were stoppered and shaken at room temperature (25-30°C.) 24 hours. Tubes 
which were cloudy were centrifuged and one ml. of clear supernatant from each tube 
was diluted to 100 ml. The diluted solutions were used to double rinse and fill Klett 
tubes for measurement of light transmission in a Klett-Summerson photoelectric color 
imeter equipped with blue filter No. 42. 

The ‘‘Dye-binding Constant’’ was calculated by determining the X axis intercept 
by the method of least squares, using all values of Y (Klett reading) which were above 
the point of inflection. 
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Microbiological Assay of Essential Amino Acids. The usual procedures were used 
for the microbiological assay of the essential amino acids. For digestion, sufficient 
sample to make 50 mg. of nitrogen was weighed into a six-inch Pyrex test tube. Ten 
ml. of 6 N HC! was then added, the tubes sealed off, and the contents digested for 36 
hours at 15 p.s.i. The digests were made up to 50 ml., and filtered. Aliquots were then 
diluted to the appropriate volumes. For tryptophan 5 N NaOH was used for hydrolysis. 

The medium described by Horn, Jones, and Blum (1946) was used for all amino 
acids, and in general their methods were used throughout. For lysine, methionine, 
phenylalanine, and histidine, L. mesenteroides (P60) was used. For threonine, tryp 
tophan, leucine, isoleucine, valine, and arginine, S. faecalis was used. In all cases both 
pyridoxine and pyridoxamine were added to the media. 
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RESULTS AND DISCUSSION 

MelInroy, Murer, and Thiessen (1949) previously showed that heating 
casein in the presence of dextrose reduced the biological value of the pro- 
tein to a far greater extent than did heating the casein in the absence of 
the reducing sugar. These studies have now been extended to include more 
conditions. 

The effect of the duration of heating casein with dextrose upon the bio- 
logical value of this protein is shown in Figure 1. The reaction at 15 p.s.i. 
(121°C., 250°F.) is extremely rapid. After only three minutes of heating 
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the nutritive value of the protein is already impaired to about 25 per cent. 
After 15 minutes the protein is so severely damaged that it will no longer 
maintain weight, resulting in a negative protein efficiency. As heating is 
continued up to about 80 minutes, the nutritive value of the casein con- 
tinues to decline, with further weight losses in the animals. After this 
period, the protein efficiency levels off and there is only a very slight 
further loss up to the 275-minute period. Almost identical results were 
obtained when wheat gluten was autoclaved with dextrose. 
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Fig. 2. Loss of amino acids in progressively autoclaved casein-dextrose at 15 
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p.s.i. Determined by microbiological assay. 


Lowry and Thiessen (1950) had indicated that this impairment was 
due, in part at least, to the reduction in the digestibility of the casein- 


” 


dextrose complex by enzymes ‘‘in vitro.’’ The complexes were particularly 
resistant towards trypsin. New data indicate that a greater part of the 
nutritive loss is more probably due to destruction of essential amino acids. 
By destruction of amino acids we imply that the essential amino acids of 
the protein are physiologically unavailable to the test organism. 

The heating of casein with dextrose results in a high degree of destruc- 
tion of the essential amino acids. Figure 2 shows the rapidity with which 
some of the essential amino acids are destroyed as determined by micro- 
biological assays. Arginine and lysine are particularly susceptible, with 
tryptophan and methionine next in order, followed by histidine and valine. 
Phenylalanine, leucine, isoleucine, and threonine are not affected to any 
appreciable extent. Both lysine and atginine are diamino acids and with 
the a-amino group tied up in the peptide linkage both will have another 
amino group free to react with the carbohydrate. 
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Comparison of the curves for lysine and arginine in Figure 2 with that 
of the biological value curve in Figure 1 demonstrates the dependence of 
the nutritive value on amino acid destruction. The shape of the curves and 
the inflexion point at the 80-minute period in both figures are convincing 
evidence. The necessary balance of essential amino acids is such that the 
elimination or the reduction below physiological needs of a single amino 
acid will result in impaired growth response. Here, the concentration of 
two amino acids is significantly lowered after only 15 minutes of auto- 
claving, while in 80 minutes destruction is virtually complete. In addition, 
two other amino acids are about 40 per cent destroyed. 


[___]-8¥ microsiovosica, assay 


PZ- ev animar assay 


| PHENYLALANINE 


|] THREONINE 


____] HISTIDINE 
| s80Leucine 


sd TRYPTOPHAN 
METHIONINE 


% OF UNMEATED CASEIN 


Z, 


5 


















































NEGATIVE 
NEGATIVE 


Fig. 3. Loss of amino acids in casein-dextrose heated 120 minutes at 15 p.s.i. 
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For these determinations the protein-dextrose complexes were acid- 
hydrolyzed (except for tryptophan) and the level of amino acids present 
was measured by their physiological availability for specific microorgan- 
isms. This does not necessarily mean that they will be available to the 
rat to the same extent. This has proved to be the case. 

Casein-dextrose which had been heated for two hours at 15 p.s.i. was 
fed to rats in otherwise complete diets. To each diet was added nine essen- 
tial amino acids at levels as they appear in unheated casein. In each diet 
one of the essential amino acids was omitted. The growth response was 
calculated after 28 days and compared with growth on a diet containing 
unheated casein. In Figure 3 are shown the results of this experiment 
(striped bars) compared with the results obtained by microbiological an- 
alysis (open bars). The values are expressed as a percentage of unheated 
casein. 

In all cases except for arginine, the destruction was greater when meas- 
ured by animal assay methods than when measured by microbiological 
methods. Threonine is the most striking in this difference. By animal assay 
this amino acid is almost completely unavailable, whereas by microbiologi- 
cal assay there was only 14 per cent destruction. Methionine and histidine 
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show similar discrepancies, while arginine and lysine show most similar 
results when assayed by the two methods. It is evident that one cannot 
depend too heavily on microbiological assays to demonstrate the complete 
story of amino acid nutrition. Animal assays with rats or other animals 
appears to be a necessity. Friedman and Kline (1950) have recently 
reported similar results with dextrose and protein hydrolysates. 

The difference between the values obtained by the two methods may be 
due to the loss in ‘‘in vivo’’ digestibility. As yet we have been unable to 
check this point because of the difficuity of a quantitative collection of 
feces. The feces obtained from rats feeding on casein-dextrose diets is a 
sticky, tarry semi-liquid, which clings to the rats and cages, and it is 
virtually impossible to collect quantitative samples. 


TABLE 2 


Retention of Essential Amino Acids in Casein and Casein-Dertrose 
After 20 Minutes and 120 Minutes of Heating at 15 p.s.i. 


Casein Casein-dextrose 


min. 120 min. 20 min 120 min. 


97? 80 ad 20 
100 95 
100 94 
98 96 
97 83 
95 95 
100 100 
100 100 
100 100 
100 100 


Lysine 
Arginine 
Tryptophan 
Methionine 
Histidine 
Valine 
Isoleucine 
Leucine 


1 Per cent of that found in unheated casein 


Further evidence that the reducing sugar in the protein-sugar mixture 
during autoclaving is the cause for the loss in biological value of the pro- 
tein is illustrated by comparisons of microbiological assays and animal 
assays of casein autoclaved with and without dextrose. The destruction 
of biological value caused by the presence of the dextrose over and above 
that caused by the heat alone is evident from the data shown in Figure 1 
and Table 2. Although the microbiological assay data shown in the table 
are for only two heating periods, a range of from ten to 275 minutes 
was run. 

The reaction that takes place when proteins are heated with dextrose 
is evidently that of the non-enzymatic browning (Maillard) reaction be- 
tween the free amino groups of the protein and the carbohydrate. This 
can be shown by following the change in free amino groups of the protein 
and by measuring the amount of carbohydrate bound by the protein when 
casein is heated with dextrose at 15 p.s.i. for from 0 to 275 minutes. 

The change in free amino groups was followed by measuring the chznge 
in the ability of the casein to bine a dye, Orange G. In Figure 4 it will be 
seen that the protein loses free amino groups (loss in dye binding capacity ) 
very rapidly during the first few minutes of heating, and in about 80 
minutes reaches a plateau. 
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This dye binding curve follows rather closely the biological value curve 
and the amino acid curves for arginine and lysine. 

Infrared spectrophotometric work by our Organic Laboratory has 
shown that, when casein is heated with dextrose for two hours at 15 p.s.i., 
the amino groups of the original casein have been masked by masses of 
hydroxyl groups. Carboxyl groups remained unchanged. In addition, dye 
binding studies also demonstrated that there were no losses of carboxyl 
groups from the protein when casein was heated progressively with 


dextrose. 
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Fig. 4. Loss of amino groups in casein-dextrose heated at 15 p.s.i. Determined 





by dye binding technique. 


On the other hand, the amount of carbohydrate bound by the casein 
when heated from 0 to 275 minutes does not follow the biological value 
eurve. The values for the carbohydrate bound follow a smooth curve as 
indicated in Figure 5. The values continue to rise past the 80-minute 
period, and at 275 minutes heating the protein continues to bind carbo- 
hydrate. The two factors, loss in amino groups and carbohydrate binding, 
when considered together, would indicate that the casein binds carbohy- 
drate through reaction with amino groups up to the 80-minute period. 
Beyond this point there must be a condensation or ‘‘clumping’’ of carbo- 
hydrate around the carbohydrate already bound through amino groups. 
Similar data have been presented by Lea (1950) for casein and dextrose 
stored at 37°C. 

That the change in digestibility also has some effect upon the change 
in biological value has been demonstrated in preliminary experiments with 
simultaneous ‘‘in vitro’’ enzymatic digestion-dialysis of protein-dextrose 
complexes followed by paper chromatography. 
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The apparatus consists of a dialysis bag hung in a cylindrical container immersed in 
a water bath as schematically shown in Figure 6. Appropriate buffer is placed both in 
the bag and outside of the bag in the container. The protein preparation to be digested 
and the appropriate enzymes are added to the bag. The contents of the bag are stirred 
continuously. Buffer is permitted to drip slowly into the bag and at the same rate as 
at which the dialyzed end products of the digestion are drawn off from the bottom of 
At specified intervals samples are taken from the draw-off. Amino 
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Fig. 5. Binding of dextrose by casein heated at 15 p.s.i. 


nitrogen was determined on a portion of this sample by the method of Pope and 
Stevens (1939). Another portion was carefully evaporated to dryness at a low tem 
perature, taken up in a small amount of ethyl alcohol, and subjected to paper partition 
chromatography according to the usual methods. Since it was found that peptides 
diffused through the dialysis bag, another portion of the dialysate was hydrolyzed 
with 5 N HCl and the above determinations 2gain run on the digest after removal of 
excess HCl. 

3v this method it was found that the digest of casein-dextrose auto- 
claved for 40 minutes showed fewer spots than did unheated casein or 
unheated casein-dextrose. Certain of the amino acids showed up much 
later and in lower concentration in the dialysate from the heated casein- 
dextrose than they did from the other samples. This work is far from 
complete at this time, but it does indicate a difference in the rate of 
release of certain of the essential amino acids. 

The effect of ranges of processing temperatures on the biological value 
of casein-dextrose was also determined. Casein-dextrose was autoclaved for 
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20 minutes and 120 minutes at 100°C.(212°F.) (0 p.s.i.), 109°C.(228°F.) 
(ten p.s.i.), 115.5°C.(240°F.) (ten p.s.i.), and 121°C.(250°F.) (15 p.s.i.). 
These temperature effects are shown in Figure 7. The important fact to 
be noted here is that raising the temperature on a 20-minute process has a 
greater effect than raising the temperature on a 120-minute processing 
time. This is probably due to the fact that considerable damage had 
already been effected in 120 minutes at the lower temperature, and further 
damage at the higher temperature was less likely to occur. On the other 
hand at the 20-minute period less damage had taken place, and when the 
material was processed at a higher temperature there was possibility of 
further impairment. 
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Fig. 6. Continuous digestion-dialysis apparatus. 


The effect of the moisture level in the processed mixture was also 
investigated. Mixes were prepared of casein, dextrose, and water, with 
the moisture level varying from about one per cent to 68 per cent. This 
corresponds to mixtures of casein plus dextrose with no added water, to 
water in amounts of four ml. per gram of casein. The results obtained 
are shown in Figure 8. With no added water (about one per cent in the 
mix) there was extreme impairment in the nutritive value of the casein. 
As the moisture content was increased to 20 per cent, there was a small 
increase in the biological value which then remained constant up to 51 
per cent moisture. When an increase was made to 68 per cent, there was 
an abrupt rise in the nutritive value of the protein. However, at this level 
che protein nutritive value was at bare maintenance level and in compari- 
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son with unheated casein was very poor. The consistency of the mixture 
at this level was a thin gruel with much free water. 
SUMMARY 

It has been demonstrated that. the non-enzymatie browning reaction 
(Maillard reaction) is an important consideration from the standpoint of 
nutrition in the processing of food materials. 

Autoclaving casein with dextrose results in a rapid loss in nutritive 
value of the protein. This decrease is over and above that caused by the 
heat alone. A greater portion of this loss is caused by the rapid destrue- 
tion of some of the essential amino acids, particularly lysine and arginine, 
as shown by microbiological analyses. By animal assay methods, arginine, 
lysine, methionine, histidine, and threonine were found unavailable to the 
young rat for growth. 

It has been shown that when casein is heated with dextrose in an auto- 
clave at 121°C.(250°F.), up to about 80 minutes of heating, the protein 
binds carbohydrate through its free amino groups. After this time further 
carbohydrate is apparently bound by condensation around carbohydrate 
already bound by amino groups. 

Increasing the water content of the casein-dextrose mixture during 
autoclaving inhibits the reaction to some extent, with a resulting increase 
in nutritive values. However at 68 per cent moisture the protein is of 
such quality that it will only barely maintain weight, and in comparison 
with unheated casein the nutritive value is very poor. 

Increasing the temperature of processing from 100°C. to 121°C.(212°F. 
to 250°F.) affects the protein of the casein-dextrose adversely. Increasing 
the temperature of a short time process (20 minutes) has more adverse 
effect than increasing the temperature on a long time process (120 minutes ) 

There is some evidence to indicate that autoclaving casein with dextrose 
also decreases the digestibility of the protein, but this effect is minor com- 
pared with losses of essential amino acids. 
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The problems involved in the production and distribution of dehy- 
drated meats have received attention recently under the Emergency Meat 
Dehydration Investigations, sponsored by the U. 8S. Department of Agri- 
culture. The chemcial composition and nutritive value of dehydrated meat 
have been thoroughly investigated, Orent-Keiles, Hewston, and Butler 
(1946), Hoagland and Snider (1946), and Hankins, Ernst, and Kauff- 
man (1946). Rehydration problems were studied by Hankins and Hetzer 
(1947), and packaging research was reported by Whitmore, Seligson, 
Kraybill, and Webb (1948). 

Since dehydrated meat is not a sterile product, the possible danger of 
food poisoning following its consumption must be evaluated. The finished 
package of dehydrated meat may be subjected to various conditions alter- 
ing the contents of the package either before or after the container is 
opened. The type of meat (beef, pork, ete.), concentration of salt, pres- 
ence or absence of nitrates or nitrites, time and temperature of storage, 
changes in moisture content during storage, tempereture during rehydra- 
tion, length of rehydration period, and the possible effect of naturally 
occurring contaminants are all things to be considered. The food poisoning 
organisms of chief concern are Clostridium botulinum, staphylococei and 
possibly streptococci. The Salmonella group could play an important role 
if the finished product were subjected to contamination of rodents. 

The following experiments were done to determine (a) the conditions 
of moisture and length of storage necessary for (. botulinum to elabo- 
rate its toxin, and (b) the conditions which would allow growth of 
staphylococci, streptococci, and salmonellae. The organisms used in these 
studies were Clostridium botulinum, Type A, Staphylococcus aureus, 
strain 161, alpha-type Streptococcus, and Salmonella enteritidis. The 
strains of staphylococci and streptococci used had been isolated from food 
poisoning outbreaks and had been shown repeatedly to cause food poison- 
ing in appropriate laboratory animals and/or human volunteers during 
the course of previously conducted laboratory experiments. The strain of 
S. enteritidis used was isolated in 1914 from a patient who was caring for 
sick calves during an epizootic of enteritis. 

The meat samples obtained for study were supplied by the U. S. De- 
partment of Agriculture, Bureau of Animal Industry, and some of the 
meat packers. 

* This paper is the tenth in a series which deals with the Emergency Meat Dehydra 
tion Investigations of the United States Department of Agriculture and cooperators. 

* Present address: Bio-Science Laboratories, Ine., Los Angeles, California. 
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MATERIALS AND METHODS 

All samples of dehydrated meat with one exception were received in tin containers. 
The exception was a compressed sample wrapped in cellophane and received from a 
meat packer. Upon receipt, each sample was tested for original moisture and salt con 
tent and portions of the sample were adjusted to various moisture levels as required by 
the experiment.’ In all cases the moisture was calculated on the total weight of the 
sample rather than on a fat-free basis. 

Suspensions of organisms to be used for inoculation of the specimens were diluted 
in 15 ml. of a 4 per cent dextrose-2 per cent salt solution. This dextrose-saline solution 
has been found satisfactory for producing a uniform spray of droplets. The suspension 
was placed in a Glaseptic adrenalin vaporizer which was calibrated to deliver 0.51 ml. 
of the dextrose-saline suspension in one minute at an air pressure of 500 mm. of met 
cury. The meat specimens to be sprayed were spread out either in porcelain trays or 
petri dishes. The porcelain trays were used when spraying C. botulinum whereas petri 
dishes were used when spraying staphylococci, streptococci, and salmonellae. Approxi 
mately 100-gm. samples of meat were used in the botulinum experiments and 30-gm. 
samples were used with all others. 

All spraying was done in a glass-enclosed cabinet which was placed within a glass 
enclosed hood. After spraying, all meat samples were allowed to remain undisturbed 
for thirty minutes to allow for settling of the droplet particles. Upon removal from 
the spraying chamber the samples were transferred to sterile five-ounce tin cans and 
the lids secured with rubber bands. 

The samples used for testing the growth of C. botulinum were not sterilized before 
inoculation since toxin production could be measured in the presence of other bacteria 
naturally present, whereas samples used for testing with staphylococci, streptococci, 
and salmonellae were autoclaved in airtight containers before inoculation. 


EXPERIMENTS WITH CLOSTRIDIUM BOTULINUM 

A potent toxin producing strain of C. botulinum, Type A was used. The spor 
suspension was prepared by growing the organisms in beef heart medium under a 
sterile vaseline seal for a period of ten days to two weeks. Following this incubation 
period the culture was shaken, transferred to centrifuge tubes and centrifugalized at low 
speed for three to five minutes. The supernatant containing the bacterial cells was then 
poured into another centrifuge tube and centrifugalized at high speed for one hour. 
The supernatant fluid was discarded and the sediment was washed twice with a volume 
of sterile distilled water equal to the original volume followed by a final washing with 
sterile saline. After each washing the cells were recovered by centrifugalizing for two 
hours at high speed. The resulting concentrated spore suspension was stored in sterile 
Before the spore suspension was used, 0.5 ml. was removed aseptically from the 
This was heated at 80°C. for 30 minutes 


saline. 
storage bottle and put into a sterile test tube. 
The absence of toxin was repeatedly demonstrated in such heated suspensions. The 
number of viable spores was determined by making decimal dilutions in sterile salin« 
and adding one ml. of each dilution to tubes of boiled beef heart medium. After inocu 
lation the tubes were sealed with sterile vaseline and incubated at 33°C. for seven days. 
Growth was demonstrated by turbidity and gas production and was usually present in 
the 1: 10° dilution. 

After the meat was sprayed with organisms and placed in tin containers, the con 
tainers were placed in a dry Pyrex desiccator jar, the jar was evacuated and then placed 
in a 37 °C. ineubator. Samples of meat were removed at varying intervals of time 
(Table 1). Before any sample was removed from the jar the vacuum was tested at 
the time of opening. A five-gm. portion of meat was removed from its container and 
placed in a sterile mortar with pestle. Twenty-five ml. of sterile saline were added, 
the sample was ground and most of the heavy particles allowed to settle. The super 
natant fluid was poured into a sterile test tube and centrifuged for ten minutes at 
low speed to remove any remaining meat particles. The supernatant fluid was tested 
for the presence of botulinum toxin by intraperitoneal inoculation of one ml. of the 
fluid into white mice and by feeding five ml. of the same fluid by stomach tube to 


* These determinations were carried out by the Research Laboratory of the American 


Meat Institute. 
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lightly anaesthetized guinea pigs. Ether was the anesthetic used. In the case of mice, 
control animals were inoculated with 0.25 ml. of homologous antitoxin mixed with the 
same volume of fluid as was inoculated into the test mice. Five mice, two of which 
were protected with antitoxin, were used in testing each sample. Three guinea pigs, 
one of which was protected with antitoxin, were used in each test. 


TABLE 2 
Range of Moisture, Salt, and Fat Content of Dehydrated Meat Samples 
Received for Testing 


- Range of mois Range of salt Range of fat 
Kind of meat ture content, content, content 
pet. pet. pet 
Beef (27 samples) 1.37-12.8 0.17-10.78 8.34-41.40 
Pork (23 samples) 2.17-19.9 0.10- 5.03 10.4 -35.0 
Ham (1 sample) 5.02 


1 Approximately. 


In a total of 51 samples of meat tested no toxin was detected in inocu- 
lated specimens adjusted to 10 and 20 per cent moisture and incubated 
at 37°C. for as long as nine months. These meat samples had a wide range 
of moisture, salt, and fat content (Table 2). In long term experiments 
six meat samples, including three beef and three pork specimens, were 
assayed for the presence of toxin. The results of these tests are summa- 
rized in Table 1. In no case was the presence of toxin detected in samples 
containing 30 per cent moisture or less after incubation for as long as 
nine months. However, when the moisture content was raised to 40 per 
cent, four samples were positive for toxin (one sample in one week and 
three in two weeks). All samples were positive for toxin in one week when 
the moisture content was raised to 60 per cent. In view of this latter 


result an experiment was done to determine the shortest time required for 
the production of botulinum toxin in samples of meat adjusted to 60 per 
cent moisture. The methods used were the same as previously described 
but the intervals of incubaticn before testing were 8, 12, 24, and 48 hours. 
In this experiment no toxin was demonstrated in the samples incubated 


for as long as 24 hours. The samples assayed for toxin after 48 hours’ 
incubation were all positive. It was observed that no abnormal odor was 
present in samples which did not contain toxin. However, the 48-hour 
sample tested was obviously spoiled as evidenced by a putrefactive odor. 


EXPERIMENTS WITH STAPHYLOCOCCI, STREPTOCOCCI 
AND SALMONELLAE 


After the above organisms were grown in the appropriate mediums, suspensions 
were sprayed in the same manner as described above. After inoculation the meat speci- 
mens were put into sterile tin cans and incubated at 37°C. At intervals of time indi 
eated in the tables (3, 4, and 5) the cans were removed from the incubator and one-gm. 
samples removed for test under aseptic conditions. Each sample taken was placed in a 
sterile mortar and nine ml. of sterile saline were added. The specimen was ground with 
a sterile pestle and then poured into a sterile tube. After settling, the supernatant 
fluid was used for counts of viable bacteria by making decimal dilutions in nine-ml. 
sterile saline blanks. One ml. of each dilution was used in making pour plates. Dupli 
cate plates were made of each dilution. For the streptococci counts, 0.5 per cent sheep 
blood agar was used for plating, whereas counts of staphylococci and salmonellae were 
made in nutrient agar. 
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Staphylococci. In the case of specimens inoculated with a food-poisoning 
strain of staphylococci, no growth occurred when the moisture content of the 
meat samples was 10 to 20 per cent. In both cases there was death of the 
organisms during the incubation period. At 30 per cent moisture, growth 
occurred in all pork samples except the one with a salt concentration of 
4.56 per cent. However, in the beef samples, no growth occurred except 
for a slight increase in the sample with a salt concentration of 2.20 per 
cent. At 40, 50, and 60 per cent moisture, growth occurred in all pork 
and beef samples regardless of salt content. In the case of pork, increased 
salt content seemed to retard growth. In the case of beef, the inhibitory 
effect of salt was not evident; in fact, higher counts were obtained with 
samples of highest salt content (Table 3). 

Streptococci. Where a strain of streptococci isolated from a food poison- 
ing outbreak had been similarly inoculated into beef and pork samples of 
specified salt and moisture concentrations, there was no growth at 10, 20, 
or 30 per cent moisture with the exception of two pork samples which 
showed slight growth, one after 48 hours and the other after one week. At 
40 per cent moisture, growth occurred in two pork samples containing low 
salt concentrations, whereas slight growth was evident in pork samples 
with the next highest salt concentration, and no growth was evident in the 
highest salt concentration (0.23, 1.94 and 3.09, 4.56 per cent respectively ). 
Thus, salt seemed to have a definite inhibitory effect upon growth. In 
beef adjusted to 40 per cent moisture, slight growth occurred at the lowest 
salt concentration but not in the three samples with higher salt econcen- 
trations. At 50 and 60 per cent moisture, growth occurred in all pork and 
beef samples. However, the inhibitory effect of salt on growth was evi- 
dent in both cases (Table 4). 

Salmonellae. In pork and beef samples adjusted to 10, 20, 30, 40, and 
50 per cent moisture no growth occurred with the strain of Salmonella 
used during the test period studied. At 60 per cent moisture, growth 
occurred in all samples except the two beef with the two highest salt con- 
centrations and one pork sample which contained the highest salt content 
(Table 5). 

SUMMARY AND CONCLUSIONS 

experiments were carried out to determine the moisture content and 
length of incubation necessary for C. botuiinum, Type A, and for food 
poisoning strains of staphylococci, streptococci, and salmonellae to grow. 

It was found that C. botulinum will grow and produce its toxin in 48 
hours but not in 24 hours in meat samples containing 60 per cent moisture 
and incubated at 37°C. In samples containing 40 per cent moisture, toxin 
could be detected in one week after incubation at 37°C. Samples contain- 
ing 30 per cent moisture or less showed no evidence of toxin even after 
incubation at 37°C. for as long as nine months. 

Growth of food poisoning strains of staphylococci or streptococci iso- 
lated from food poisoning outbreaks was not evident in samples containing 
20 per cent moisture or less. When a moisture content of 30 per cent was 
reached, growth of the organisms was dependent upon the salt content of 
the sample. High salt content inhibited growth. The Staphylococcus strain 
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used grew in all meat samples containing 40 per cent or more moisture 
regardless of salt content. The streptococci grew feebly only in the beef 
sample with the lowest salt content adjusted to 40 per cent moisture and 
grew in three pork samples of low salt content containing the same amount 
of moisture. However, at 50 and 60 per cent moisture, growth occurred 
in all beef and pork samples. 

The Salmonella strain used grew scantily in only one pork sample at 
the lowest salt concentration adjusted to 50 per cent moisture. In meat 
samples adjusted to 60 per cent moisture, growth of Salmonella occurred 
in all but three samples of high salt content. 
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A STUDY OF METHODS OF PREPARING FOOD PRODUCTS 
FOR MICROBIOLOGICAL ANALYSES! 


A. H. JONES anp W. E. FERGUSON 
{Received for publication, July 11, 1950] 


The method of preparing food products for analysis is of considerable 
importance, since the resulting counts of microorganisms obtained depend 
to a large extent on the effectiveness of mixing and agitation in freeing 
the organisms from the surface. The usual method of preparing products 
for analysis usually consists of either volumetric measuring or weighing 
of the product and diluting with a definite quantity of sterile water. This 
is followed by a shaking procedure, usually for a definite period of time, 
either by hand or mechanical shaker, and further dilutions are then made 
to provide colony counts between 30 and 300. 

In recent years the Waring Blendor has made its appearance and its 
use has been advocated for the preparation of products for analysis, Com- 
mittee on Microbiological Examination of Foods (1946) ; Fabian and Orloff 
(1950) ; Goresline (1948); Van Eseltine, Nellis, Lee, and Hucker (1948). 
While this machine is effective in reducing a food product to a homogene- 
ous mass, certain problems have arisen resulting from its use which led to 
the present study to determine differences in counts in foods, hand or 
mechanically shaken, as compared with counts from products comminuted 
in the Waring Blendor. 

During the war years this laboratory made considerable use of the 
Waring Blendor for comminuting dehydrated products for moisture de- 
terminations. The dry product was subjected to comminution to a point 
where it was considered homogeneous. During this process of blending, the 
temperature increased from approximately 25°C. to 55°C. in a period of 
five minutes. In ten minutes, the time usually employed, the temperature 
had increased to 75°C. Bacteriological analyses of products so comminuted 
showed that bacteria in the products had almost disappeared. Inoculations 
were made in duplicate on tryptone-glucose agar and plates were incubated 
at 20°C. to 25°C. for four days. Counts obtained from the same product 
prepared by weighing a portion of the product into sterile jars and rehy- 
drating for two hours in sterile water at room temperature followed by 
shaking by hand frequently, showed well over 100,000 per gram. This 
indicated that treatment of the dry product in the Waring Blendor re- 
sulted in markedly reduced bacteria counts. For this reason, the use of 
the Waring Blendor for comminuting dehydrated products in the dry state 
was discontinued. 

A present study of methods for preparing for analyses products such 
as dehydrated, frozen fruits and vegetables, and gelatin has been earried 
out at various intervals. In these tests, counts were obtained on samples 

* Contribution No. 306 (Journal Series) from the Division of Bacteriology and Dairy 
Research, Science Service, Department of Agriculture, Ottawa. 
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of the same product shaken by hand, by mechanical shaker, or comminuted 


in the Waring Blendor. 
EXPERIMENTAL 
Gelatin Powder. Analyses of different one-gram portions of the same sample of 
gelatin mixed for two minutes in the dry state in the Waring Blendor show that bacteria 
counts are considerably reduced when compared with counts of the same sample of 
gelatin analyzed without such treatment. The range of counts for the untreated portions 
of gelatin was 5,000 to 10,800 with an arithmetic average of 8,800; portions of gelatin 
blended for two minutes showed a range of 300 to 1,800 with an arithmetic average of 
650. During the treatment the temperature of the gelatin increased from 33°C. to 56°C. 
in two minutes. This may have been partly responsible for the reduction in count. The 
effect of increased temperature will be discussed in a later portion of this paper. 
Frozen and Dehydrated Fruits and Vegetables. The results of analyses of 19 sam 
ples of miscellaneous dehydrated and frozen vegetables and fruits prepared both by 
shaking by hand and by comminution in the Waring Blendor are presented in Table 1. 


TABLE 1 
Comparison of Counts on Various Dilutions of Products Blended and 
Hand-Shaken Before Plating 
Bacteria count per gram* Blended count 


as per cent of 


Product 
Hand-shaken Blended hand-shaken 


Dehydrated potato...... 4,400 20,000 455 
Dehydrated potato... 
Dehydrated potato... 
Dehydrated potato 
Dehydrated potato 
Dehydrated potato.. 
Frozen spinach 
Frozen spinach.. 
Frozen peas..... 
Frozen peas.. 

Frozen cauliflower 
Frozen eaulifiower..... 
Frozen blueberries... 
Frozen blueberries. 
Frozen asparagus.... 
Frozen asparagus....... 
Frozen wax beans 
Frozen wax beans 
Frozen green beans 


12,500 38,500 308 
75,000 156,000 208 
16,000 13,000 81 
14,500 23,000 159 
1,700 17,000 000 
200 1,000 500 
3,000 4,000 133 
13,000 18,000 138 
16,500 14,500 88 
8.500 11,000 129 
12,000 18,000 150 
27,500 58,000 °11 
20,000 10,000 50 
64,000 220,000 344 
7,500 10,500 140 
1,000 231,000 23,100 
11,000 5,500 50 


-o7 


165,000 1,200,000 727 


1 Samples shaken or blended for two minutes 


To all products in this series, treated in the Waring Blendor, sterile water had first been 
9° 


added; with dehydrated products the 1/20 dilution and with frozen products the 1/2.5 


dilution was used. The results show considerable variation. Of the 19 samples, nine 
showed definitely higher counts when the product was comminuted in the Waring Blendor. 
Four samples were higher with the usual hand-shaking procedure. Six samples showed 
no important difference in counts between the two methods. Mention should be made 
of the great difference in bacteria count of one product (231,000 per gram) between 
portions comminuted in the Waring Blendor and those prepared by the hand-shaking 
The product treated in the Waring Blendor, in this instance, showed a count 


method. 
Van Eseltine, et al., 


231 times greater than the count of the product shaken by hand. 
also found one sample out of line in their analyses of frozen peas comminuted in the 
Waring Blendor. Other than questioning this greatly increased count in the product 
disintegrated in the Waring Blendor, no mention is made of the probable reason. 

studies were made with dilutions of fresh beans comparing the 


More extensive 
in the Waring Blendor. 


hand and mechanically shaking methods with comminution 
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Periods of shaking or comminution in the first series were from 30 seconds and, at 
intervals of one minute, up to ten minutes. The range of counts in this series (Table 2), 


TABLE 2 


The Effect of Shaking by Hand or Machine, or Using the Waring Blendor on 
Bacteria Counts in Fresh Beans (Series 1) 
Bacteria count per gram in thousands* ieenines 
- : - —| in Waring 
Waring Blendor, 
Blendor (°C.) 


Period of mixing ee _ " 
Hand- Machine- 
shaking shaking 


ove “e 33.0 
32 165 33.5 
35.0 
37.5 
39.5 
41.0 
42.5 
44.0 
46.0 
47.5 
48.5 
50.0 


4 min. 
5 min 
6 min 
7 min. 


9 min 
10 min 


Arithmetic average 
Logarithmic average 


1Averages of duplicate samples. 


using shaking by hand, was from 16,000 to 223,000, with an arithmetic average over 
the entire ten-minute period of 52,000 per gram and a logarithmic average of 39,000 
per gram. The range of counts in products shaken by mechanical shaker was 17,000 
to 65,000, with an arithmetic average of 38,000 per gram and a logarithmic average of 
35,000 per gram. Counts obtained with the Waring Blendor method ranged from 2,000 
to 575,000 with an arithmetic average of 117,000 per gram and a logarithmic average 
of 44,000 per gram. However, after seven minutes’ treatment in the Waring Blendor, 
there was a marked decrease in numbers of organisms, possibly due to the heating 
of the product. The temperature increased from 33°C. to 42.5°C. in seven minutes and 
after ten minutes was 50°C. Considering only the counts before the seven-minute period, 
the range was 33,000 to 575,000 with an average of 203,000. From this series it is 
apparent that greater variations in the bacterial count of products may occur when 
the Waring Blendor is used to comminute products prior to analysis. The results also 
indicate that there is no advantage in continuing shaking longer than two minutes, 
the usual period employed, since no important increase in count was noted following 
this period. 

Results from a second series of tests on beans (Table 3), comparing the three 
methods, using intervals of 30 seconds, one minute, and two minutes, were practically 
the same with all three. In this series the initial count of the product was very low 
compared with that of the first series. The two-minute interval for each method with 
five replicate samples of product showed a range of counts for the hand-shaking method 
from 1,200 to 2,800 with an average of 2,000; the product mechanically shaken showed 
a range from 1,400 to 2,700 with an average of 2,000. The Waring Blendor method 
again showed the greatest variation with counts from 1,400 to 4,000 although the aver- 
age of 2,200 was similar to those of the two other methods. 

Pure Culture Studies. The effect of comminution of products in the Waring Blendor 
on the bacterial count was further studied using pure cultures of bacteria in different 
substrates. Included in the organisms studied were two species of micrococei, one of 
Flavobacterium, a culture of Chromobacterium violaceum, one of Sarcina lutea and one 
of Serratia marcescens. Water, milk, and an extract prepared from beans were compared 





PREPARING FOOD PRODUCTS FOR MICROBIOLOGICAL ANALYSES 129 


as dilution substrates. The initial suspension of the test organism, prepared from agar 
slopes, was inoculated into carefully weighed sterile substrate dilution blanks. A series 
of each substrate was shaken in a mechanical, horizontal reciprocating shaker;* the 
other was blended in the Waring. Blendor for periods of 30 seconds, one, two, and 
five minutes. 

The results obtained (Table 4) indicate that the effect of treatment of the sus 
pensions in the Waring Blendor varies with different species of bacteria. In this table 
and in Table 5 the machine-shaken counts have been taken as 100 and the percentage 
increase or decrease has been calculated therefrom. In other words, a percentage higher 
than 100 indicates that the Waring Blendor count was greater than the machine-shaken 
series. Percentages lower than 100 indicate that the Waring Blendor counts were reduced 
as compared with machine-shaken suspensions. 


TABLE 3 


The Effect of Shaking by Hand or Machine, or Using the Waring Blendor on 
Bacteria Counts in Fresh Beans, Determined on Five Portions 
of the Mixtures (Series 2) 


Bacteria count per gram 


Portion 
o 


Hand-shaking Machine-shaking Waring Blendor 


| 30 sec 1 min 


2 min. | 30 sec. | 1 min 2 min. | 30 sec. | 1 min 2 min 
= } + | 


1,000 1,000 | 2,600 1,600 1,200 | 2,700 | 1,700 | 3,900 | 1,700 
1,100 700 | 1,900 | 1,300 700 | 2,200 | 1,800 | 7,600 | 4,000 

700 ,600 | 2.800 800 | 1,200 | 1,800 1,300 700 | 2,000 
1,100 900 | 2,300 S00 900 1,900 260 1,500 1,800 
2 000 ,100 | 1,200 1,100 | 1,400 1,400 2.700 | 2,900 | 1,400 


Arithmetic average 1.200 100 | 2,200 1,100 | 1,100 | 2,000 600 13 
Logarithmic average 1,100 000 | 2,100 | 1,100 | 1,000 | 1,800 200 | 2 
Range 700 700-| 1,200 800 700-| 1,400 260 700-| 1.400 
2 000 600 | 2,800 1,600 | 1,400 | 2,700 2,700 | 7,600 | 4,000 


300 2 200 


00 | 2.000 


Although considerable variability may be observed from the results presented, there 
is a general trend in most instances. With the two micrococeus species, there was very 
little difference in the counts between the different substrates and the two methods of 
mixing. With the first species of micrococcus noted in this table, 11 counts at the 
different periods with the Waring Blendor were either higher or similar to the sus 
pensions mechanically shaken. One count (five minutes, water series) was significantly 
lower. The second species of micrococcus showed a similar picture with nine Waring 
Blendor counts being either higher or very close to the machine-shaken. Three counts 
were definitely lower. 

The one species of Flavobacterium suspended in water showed decreased Waring 
Blendor counts with the longer periods of mixing. With the exception of one or two 
counts, results with this organism showed substantially reduced counts when the Waring 
Blendor was used. 

Using water as a substrate with Chromobacterium violacewm, the counts with the 
Waring Blendor were greatly reduced; in fact, after five minutes’ comminution in the 
Waring Blendor, this organism had practically disappeared. With milk and vegetable 
extract, the counts were generally higher when the Waring Blendor was used. 


’ 


Sarcina lutea, the one organism which showed definite microscopical evidence of 
clumping, gave increased counts in all substrates at different periods when the Waring 
Blendor was used. 

Perhaps of greater significance are the average counts of the six organisms mixed 
by shaking in the mechanical shaker or comminuted in the Waring Blendor (Table 5). 
It is evident from the data presented that milk provided more protection for bacteria 


* Manufactured by the Precision Scientifie Company. 
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TABLE 4 
The Effect of Shaking by Machine, or Using the Waring Blendor on the Counts From 


Test 


organism 


Micro- 
coccus 


sp. 


Vicro- 
coccus 


sp. 


| 
| 


Pure Cultures of Microorganisms in Different Substrates 


Period 
of 
mixing 


30 see, 


| 1 min. 
| 2 min. 


5 min. 


| 30 see, 


1 min. 
2 min. 


5 min. 


Flavobac- 
teritum 


sp. 


—— 
Chromo 

bacterium 

violaceum 


30 see. 
| 1 min. 
2 min. 


5 min. 


| 30 see. 


1 min. 


2 min. 


} > min. 


Sarcina 


lutea 


30 see. 


1 min. 


2 min. 


5 min. 


Bacteria count per | 
gram in thousands | 


Water 


Waring 


Machine! Blendor 


96 
82 
80 
113 


510 
410 
360 
420 
340 
500 
910 
410 
175 


365 


9 
g 


126 
79 
90 


=o 


520 


S4 
38 
2 


14 
17 
18 


21 


Pet. 


131 
96 
113 
46 
102 
95 
108 
88 


191 
60 
38 
42 


48 
10 
24 
1 
175 
213 
200 
263 


Milk 


Bacteria count per| 
| gram in thousands | 


| 


T 
Waring 


Machine| Blendor 


221 
198 
214 
184 


490 
450 
440 
173 


239 
230 
268 


260 


440 
380 
370 
306 


840 
790 
550 


650 


Pet 


108 
116 
125 


141 


90 
84 
84 
177 


63 
42 
90 


g 


99 
112 
146 
139 


144 
109 


999 


150 


Bean extract | 


Bacteria count per | 
gram in thousands 


1 


237 
189 
170 
182 
420 
232 
231 


320 


Waring 
Machine| Blendor 


217 
285 
224 


187 


211 
138 
386 


219 


810 
940 
940 
660 


910 
9P?0 
1,210 
15 


oo 


24 


6 


1 Count obtained by use of Blendor as per cent of count obtained by machine shaking 


TABLE 5 
Comparison of Average Counts of Six Pure Cultures of Bacte Vired in 


Machine Shaker or the 


a 


in Waring Blendor 


Substrate 


Water 


2 ae 
ean 


extract 


Period 
of 


mixing 


30 gee. 
1 min. 
2 min. 
5 min. 


2 
of see. 


1 min. 
2 min. 
5 min, 


30 see, 
1 min. 
2 min, 
5 min. 


Bacteria counts per gram in thousands 


Machine shaker 


Average 
counts 


405 


Average 


459 419 


441 


of 


843 
817 
814 


629 


875 
780 
682 


712 


Waring 


Average 


counts 
$29 
277 
207 


108 


SOU 
744 
799 
670 
511 

599 
614 


595 


slendor 


Avere 


ag 


re 


1 Counc obtained by use of Blendor as per cent of count obtained by machine shaking 
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against the action of the Waring Blendor. The results using water or vegetable extract 
indicate that the Waring Blendor was responsible for decreased counts. 


DISCUSSION AND CONCLUSIONS 


It is not the purpose of this paper to condemn the use of the Waring 
Blendor for the preparation of foods for bacteriological analysis but rather 
to give actual results obtained in our analyses. Although the use of the 
Waring Blendor method for the preparation of food products for bacte- 
riological analyses is widespread, the literature contains little published 
work to support its use. We have found that the Waring Blendor method 
requires more time for analysis since the Blendor must be first sterilized 
with an agent such as chlorine. This must be followed by treatment with 
a sterile solution of sodium thiosulphate to remove the chlorine. Such 
treatments require considerable time. On the other hand, comminution in 
the Waring Blendor does reduce most products to a homogeneous mass 
within two minutes. Sometimes the product, in the process of comminuting 
in the Waring Blendor, is reduced to so fine a state that difficulty is experi- 
enced in pipetting a portion of the product for analysis. 

Our studies have brought out several important points insofar as the 
use of the Waring Blendor for comminution of food products is concerned. 
First, there is little doubt that in the analyses of dehydrated products 
such as fruits, vegetables, and gelatin powder which were mixed in the 
dry state, the bacterial content is thereby reduced substantially. Second, 
in the analysis of a number of miscellaneous samples of food products, 
47 per cent of the samples gave higher counts, one abnormally high, and 
21 per cent of the samples gave lower counts with the Waring Blendor 
when compared with the counts of hand-shaken samples. Thirty-two per 
cent of the samples showed no important difference between the two meth- 
ods. Third, when more extensive studies were made with one product, it 
was found that this product, when comminuted in the Waring Blendor, 
showed a significantly higher average count. Enormous variations were 
also noted when these results were compared with results of the hand- or 
machine-shaken series. Fourth, products with high bacteria counts showed 
greater variations using the Waring Blendor than low count products, 
when compared with hand- or machine-shaken series. 

Pure culture studies, using three different substrates with the Waring 
Blendor and shaking machine for mixing, showed that the counts varied 
with the organism used. The organism (Sarcina lutea) showed definite 
evidence of clumping by microscopical examination, and substantially in- 
creased counts were obtained when this material was comminuted in the 
Waring Blendor. Results with other test organisms varied with the sub- 
strate, some giving higher counts, others lower. 

The overall picture suggests that either increased or decreased counts 
may be obtained as a result of comminuting the product in the Waring 
Blendor as compared with counts obtained either by hand or machine 
shaking of dilutions of samples of products. Whether or not the increased 
counts resulting from comminution in the Waring Blendor are desirable 
is debatable. Apparently the occurrence of such increased counts depends 
entirely on the type of organism present; an organism that produces clumps 
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may show greatly increased counts due to the fact that the Blendor breaks 
up these aggregations of organisms. Thus, instead of a colony resulting 
from a large aggregation of organisms, such as might be anticipated with 
hand or machine shaking, a colony from products comminuted in the War- 
ing Blendor may result from smaller aggregations or from single organ- 
isms. Reduced counts, resulting from the use of the Waring Blendor, may 
be due to the increase in temperature, possibly a factor with products 
comminuted in the dry state, or to the grinding action which apparently 
is involved in the Waring Blendor process. It does not appear logical 
that the increase in temperature would be the only factor involved since 
suspensions of organisms have been placed in the Waring Blendor at a 
temperature of approximately 4.5°C. Under such conditions greatly re- 
duced counts were obtained without any appreciable rise in temperature. 

If the use of the Waring Blendor were adopted as a standard proce- 
dure, it would necessitate a revision of existing bacteriological standards 
for food products. Where abnormally high counts were obtained in a 
particular product it would be also necessary to ascertain the types of 


organisms involved. 
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The public eating establishment has become an increasingly impor- 
tant factor in public health. Shifting populations, increasing numbers 
of people in industry, changing living habits, and increased travel have 
been factors influencing the change in the eating habits of the public. 
The number of food establishments in the United States exceeds 160,000 
and includes restaurants, cafeterias, ice cream parlors, and lunch rooms. 
In addition there are more than 80,000 drinking establishments that also 
serve meals; about 50,000 bars, taverns, and clubs which do not serve 
meals; and nearly 40,000 drug stores with soda fountains. 

Besides the innumerable persons fed daily in school cafeterias and 
dining rooms, boarding houses, industrial cafeterias, planes and trains, 
and hospitals and other institutions, it has been estimated that seven 
million persons eat at least one meal per day outside the home; and that 
more than twenty billion meals are eaten annually in the various public 
eating establishments. 

This study deals with the collection and bacteriological examination of 
hand-washed samples derived from the hands of food handlers selected at 
random from 22 public eating establishments in Boston and Cambridge, 
Massachusetts. 

METHODS 

Food handlers were requested to wash both hands in 50 ml. of sterile buffered 
distilled water for one minute without the use of soap or other detergents but with 
the aid of rubbing. 

The buffered distilled water was prepared according to the directions of the sub 
committee on Food Utensil Sanitation of the Committee on Research and Standards 
of the American Public Health Association published in October, 1947. This is done 
by dissolving 34 gm. of KH2PO, in 500 mil. of distilled water, adding 175 ml. of N 
NaOH solution, diluting to one liter with distilled water, adjusting this solution to 
pH 7.2, and diluting 1 ml. of this stock solution to 800 ml. with boiled and cooled 
distilled water. A measured amount of this phosphate buffer solution was placed in 
Pyrex test tubes (200 x 25 mm.) so that, after sterilizing in the autoclave at 15 p.s.i. 
(121°C.) for 20 minutes, 50 ml. remained in each test tube. 

For the collection of each sample, the sterile buffer solution from one of these 
tubes was poured into a chemically clean, sterile Pyrex evaporating dish, 125 mm. 
in diameter and 65 mm. in depth. The food handler was instructed to wash the fingers 
of both hands thoroughly in the sterile buffer solution, including the area between the 
fingers and under the nails; and to rub each hand vigorously with the other during 
the process. A mechanical timer was used to limit the hand-washing procedure to 
exactly one minute. The food handlers were taken directly from their work. They 
did not have an opportunity to wash their hands before collecting the sample. 

After collection, the sample was returned aseptically into the original tube, care 
fully stoppered with a rubber stopper, and taken to the laboratory for the bacterio 
logical examinations. All samples were examined within four hours of the time of 
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collection and were kept under refrigeration in the laboratory until used. All samples 
were collected between July 6 and August 12, 1949. 

The bacteriological examination included total plate counts at 20°C. and at 37°C., 
and tests for aerobic spore-forming bacteria, the coliforms and their differentiation, 
and the hemolytic coeci and enteric bacteria. 


RESULTS 


Total Counts. The total counts obtained from 34 hand-washing samples 
obtained in 22 establishments are given in Table 1. Fourteen samples were 
obtained from females and twenty from males. The samples were derived 
from cafeterias, lunch rooms, drug stores, restaurants, and four Chinese 
establishments. Hot foods as well as sandwiches and desserts were served 
in every instance. 

TABLE 1 


Distrubution of Total Count per ml. From Hand-Washed Samples After 
48 Hours’ Incubation on Tryptone Glucose Agar 


Incubation at 
°0. 87°O. 


Total count range 





Under 1,000 per ml.............. 
1,000 a 
5,000- 10,000 
10,000- 25,000 
25,000- 50,000 
ee cenrivisiniiansisseteiersepsisnestcizesnanedocttpaserrerioes 
Over 100,000 


0 


cris cdssatindacsdecnbscbenscotmnestvcuaendabuinnnpeesadiibin Setceutensebtele 34 


The range in total count at 37°C. varied from 6,200 to 16,000,000 per 
ml. A: 20°C. the range varied from 300 to 1,900,000 per ml. Since each 
sample contained 50 ml., the total number of bacteria on the hands in 
each case was enormous. From the data in Table 1, it is apparent that 
the bacteria on the hands of food handlers capable of growing at 37°C. 
particularly is exceedingly large. Fifty per cent of these samples showed 
a total count in excess of 100,000 per ml. 

Coliforms Present. The results of the isolation of coliform organisms 
from 34 hand-washing samples are given in Table 2. E. coli was present 
alone or in mixed cultures in 13 of the 34 samples examined while A. aero- 
genes was present alone or in mixed cultures in 12 of the 34 samples 


TABLE 2 


Distribution of Coliform Organisms on Hands of Food Handlers 


Type of coliform Number 


pNP ereacennsiepnesiivninsnciinivbbintebiecesediinidias enabindeumibtesibstbinbteassetgipuesstsniesabins 12 
A. cloacae 3 
Mixture of E. coli and A. 
Mixture of E. coli and E. 
Mixture of E. coli and A. 





Total samples 
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examined. Coliform organisms could not be isolated in 12 of the 34 sam- 
ples examined. Most of the negative results were obtained from waitresses 
and others who were not intimately involved in the preparation or han- 
dling of foods. 

Hemolytic Streptococci and Staphylococci. The frequency with which 
hemolytic streptococci and hemolytic staphylococci were isolated from the 
hands of food handlers is shown in Table 3. The results indicate that 
hemolytic streptococci and staphylococci were absent in only one sample 
of 30 that were examined. Twenty-nine of the 30 samples showed hemo- 
lytic staphylococci; 19 showed hemolytic streptococci and 19 showed a 
mixture of hemolytic streptococci and staphylococci. Potentially undesir- 
able bacteria of the coccus type seem to be generally present on the hands 
of food handlers. 

TABLE 3 
Distribution of Hemolytic Streptococci and Staphylococci in 
Washings of Hands of Food Handlers 





Hemolytic organism 
DIRS OG ID cree snsccresccsecccarecovenscovnncnserevencaesesstnnnesesasevooursecopueseeneseuee 
II os cscicincssccntncenssercsesinesecinesiseseidiensttinvaseambeerebsareid 
EL Eee ee eee ae Me ‘ 
SoA cnaihtvntpicsedgnsnaiiseiniedicniuntaiatipeatenianiimmniabbeuemsdubsaiinass ‘ 


Total samples of washings examined....................:00c00000 , 


Enteric Bacilli. In an attempt to isolate bacteria of the typhoid- 
paratyphoid-dysentery group from 34 hand-washing samples by the use 


of differential media, many suspicious colonies were found. Of these, all 
except one produced gas when inoculated into lactose broth. This one 
exception has been tentatively identified as belonging to the Flexner 
group of dysentery bacilli, since it is impossible to classify enteric dis- 
ease producing organisms definitely by cultural tests alone and serological 
identification was not made. The cultural and morphological characteris- 
tics of this organism were as follows: 

The organism was a Gram-negative, short, plump, non-motile bacillus which pro 
duced acid but no gas in glucose and mannitol broths, weak acid but no gas in maltose 
and xylose broths and no acid or gas in lactose, sucrose, sorbitol, and inositol broths. 
An acid butt and alkaline slant were obtained on Russel’s double sugar agar and on 
Kligler’s iron agar. On the latter medium, H.S was negative. On bismuth sulfite agar, 
the colonies were raised and brownish with depressed centers. On MacConkey agar and 
on Salmonella-Shigella agar the colonies were transparent, uncolored and alkaline. On 
desoxycholate-citrate agar, the colonies were opaque with even margins. 


Aerobic Spore-Forming Bacilli. The total plate counts of aerobic spore- 
forming bacteria from 34 hand-washing samples are recorded in Table 4. 
The spore count was made after heating 10-15 ml. of the undiluted sample 
at 80°C. for 20 minutes. 

CONCLUSIONS 

The large numbers of bacteria isolated from the hands of food han- 
dlers in this investigation and the frequency with which £. coli, hemolytic 
staphylococci and streptococci and aerobic spore formers were isolated in- 
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TABLE 4 


Total Number of Aerobic Spore-Forming Bacilli per ml. of Hand-Washing Sample When 
tone Glucose Extract Agar and Incubated at 37° for 48 Hours 


Grown on Tryp 


Sample Total Sample Total Sample Total 
No. Count No. Count No Count 


42 q 11 24 52 
10 25 400 


41 f . 26 
. o7 

~é 

28 

29 


31 
32 
33 
34 


Median: 14 
Range: 4-400 


1S" indicates spreader colonies which could not be counted 


dicate the magnitude of the problem of hand hygiene among food handlers 
and the need for a greatly accentuated campaign of health education for 
this large and important group of workers. 

While it is recognized that many of the organisms isolated in this study 
were derived from the foods being handled or processed, observation of 
food handlers has indicated that the hands are frequently soiled with the 
discharges from the nose and mouth and in other ways. Frequently too, 
food handlers bring the hands in contact with food when the use of an 
implement is indicated. This investigation discloses the bacterial condition 
of the hands of food handlers as found. No attempt was made to discover 
how they got there. The data justify the conclusion that the hands of food 
handlers should be kept clean and that they should avoid contact with 
food whenever possible. Perhaps preliminary instruction of food han- 
dlers followed by an examination leading to their licensing will help to 
bring the problem of effective food sanitation under better control. It is 
certain, however, that real and lasting progress will not be made until man- 
agement assumes the responsibility for daily education and supervision. 
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In a preceding paper, Bouthilet (1950), it was shown that the flavor 
of chicken could be steam distilled from chicken broth. The flavor, when 
added to a broth of synthetic nonvolatile materials, was indistinguishable 
from the flavor of the original natural chicken broth. This flavoring mate- 
rial could be further concentrated by fractional distillation. 

The present paper deals with the methods of fractionating the chicken 


flavor. 
EXPERIMENTAL 


Preliminary Investigations on the Properties of the Flavor Extracts 

Since there was no information on the properties of a distillate of cooked meat 
or poultry, it was necessary to apply various qualitative analytical tests before a 
concerted attempt to fractionate the components was undertaken. 

In all, three distillations were made in the usual process of extraction. The first 
was made when the chicken broth was steam distilled to yield the volatile flavoring 
components; this distillate was called the raw distillate. In some cases the raw dis- 
tillate was put directly into a fractionating column; the distillate from this procedure 
was termed the flavor concentrate. Finally, when the effect of pH upon the solubility 
of the flavor became evident, a third distillation was made which was called the acidic 
distillate. 

The Identification of Ammonia as a Volatile Base Occurring in the 
Raw Distillate and the Flavor Concentrate 

It was pointed out in the first paper that the chicken flavoring materials were 
acidic and only volatile when their water solutions were acidified. 

The raw distillate attained in the present work was alkaline to litmus, and when 
it was concentrated, a definite amine-like odor was noticed. The pH of the original 
broth was 5, but the raw distillate had a pH of 10; so there must have been a separa 
tion of nitrogenous substances during the distillation, possibly in the vapor phase. 
The alkaline volatile substance must have fixed the flavor, since only a weak odor was 
evident in the distillate. 

In order to identify the volatile amine so evident in the flavor concentrate, a 20-ce. 
sample was distilled into a solution of sodium hydroxide and benzene-sulfony! chloride. 
The usual fractionation technique was carried out to separate primary, secondary, and 
tertiary amines. 

The sulfonamide which separated upon acidification appeared homogeneous and erys 
talline. After recrystallization until constant melting point, the C, N, H, and S were 
determined. The melting point and composition indicated that an ammonia derivative 
had been formed. Known samples were compared and substantiated the identification 
of the volatile amine as ammonia (Table 1). 


Other Qualitative Tests 
The flavor in the raw distillate was not extractable under alkaline conditions, even 
after prolonged periods of extracting. 
Before systematic fractionation of the extract was begun, tests were made for 
several compounds known to be present in meat which might also be present in a steam 
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distillate of meat. Qualitative spot tests were made for the following compounds, 
according to the methods described by Feigl] (1946). Tests for lactie acid, pyruvic 
acid, esters of carboxylic acids, and aldehydes and ketones were negative, while the 
tests for carboxylic acids gave positive results. These tests were made to eliminate 
compounds which might be easily identified and separated as derivatives without further 
fractionation of the crude distillates. 

TABLE 1 


Comparison of the Benzene Sulfonamide Derivatives of Ammonia, Methylamine, 
and the Unknown Compound Obtained from Chicken Broth 


Cc H s 


m.~p. per cent | percent percent per cent 


Unknown sample 154-155°C. 44.8 4.16 20.6 8.25 
Ammonia benzene sulfonamide 

IND on. icoancoasabennensenpaientanin 156°C. 45.: 
Methyl amine benzene sulfonamide 

(CsHsSO.N H;CHs) 


1 Not determined 


20.9 8.6 


In any investigation designed to identify micro-constituents from biological mate 
rials, the first step is the development of a test for the active substance. In this instance 
the test was organoleptic (taste). The second step is the development of a procedure 
for the separation of the active substance in crude form from the main body of inert 
materials. Steam distillation was suitable for this operation in the chicken flavor study. 
Finally, the active ingredients must be fractionated into homogeneous components. 
From this point the classical methods of organic chemistry apply in the establishment 
of the chemical nature of the substance. 

Many attempts to fractionate and concentrate the flavoring materials were made, 
each one of which added to the knowledge of the properties of the flavor. In the follow 


ing sections some of the procedures are discussed. 


Heavy Metal Precipitation 

The raw distillate could be concentrated in a fractionating column. It was distilled 
twice through a 10-plate, Bruun-type bubble-cap column, giving a 10-fold concentration 
in each distillation. The 100-fold concentration was accepted as practical, since further 
distillation in this equipment resulted in flavor destruction by overheating in the boiling 
pot. There was no provision in the equipment for the injection of liquids at the head 
of the column. In this fractional distillation there was definite evidence of a clear-cut 
separation of components. In every case samples from the first 20 per cent of the 
distillate gave positive nitroprusside tests for sulfhydryl groups, while subsequent col 
lections were negative in this respect. The first fractions were also the portions which 
had the true chicken flavor while the latter fractions had a more meat-like flavor. 

The flavor concentrate, as removed from the receiver after the second run, was 
placed in an Erlenmeyer flask and a drop of a concentrated solution of mercuric sulfate 
added. A fine black precipitate formed. The solution was filtered, and again mercuric 
sulfate added dropwise. At this point a cream-colored precipitate formed. Both the 
black and the cream precipitates were separately collected and washed with boiled 
ice-cold water. The black precipitate proved to be mereury sulfide and contained no 
appreciable amounts of carbon. The cream-colored precipitate contained both sulfur 
and carbon by qualitative test. The cream-colored precipitate was decomposed with 
hydrogen sulfide, the mercury sulfide filtered off, and the excess H2S removed by aspira 
tion with nitrogen gas. A yellow solution was left in the container. This yellow solution 
had a repulsive odor and gave a positive nitroprusside test, also a positive iodine-azide 
reaction, indicative of sulfhydryl groups. When this solution was violently shaken or 
bubbled with oxygen gas, a typical chicken flavor developed which was further enhanced 
by acidity. The filtrate from the mercurie sulfate precipitation was redistilled in the 
fractionating column and produced a concentrate of a material which had a typical 
fatty acid odor. The mercuric sulfate precipitation demonstrated the first definite 
fractionation of the flavor into a fatty acid fraction and a sulfur-eontaining portion. 
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Because of the poor yield in the various stages of fractionation and precipitation 
in this method it was not adopted for the accumulation of refined flavor. This method 
has the utility of showing the properties of the flavor. 


Solvent Extraction of an Acid Distillate 


In order to remove the ammonia which prevented the solvent extraction of the 
flavor, the original distillate was acidified and again steam distilled. When the receiver 
was opened a strong odor was evident. This indicated that the flavor was much more 
volatile than before. Some of the properties of this purified flavor follow: (1) The 
acidie distillate could be fractionated into two components by simple solvent extraction. 
The more water-soluble portion had a flavor like that of beef rather than chicken, and 
so may be described as ‘‘meaty’’ in flavor. The portion easily soluble in solvents had 
a definite fatty acid odor. (2) A continual desulfuration takes place. Hydrogen sulfide 
is given off continually from the distillate. (3) The distillate has strong foaming 
properties. 

The acidic distillate was placed in a continuous liquid-liquid extractor and solvent 
extracted for six to ten hours. The solvent used was isopentane, chosen for the ease 
with which it could be removed from a water solution and for its low boiling point 
(28°C.).. The extraction was very slow. Complete removal of the flavor was never 
evident within a 12-hour period. 

During the extraction a continual desulfuration was evident. When moistened lead 
acetate paper was placed above the solvent condenser it blackened quickly, indicating 
either a breakdown of the compound or a removal of dissolved H.S from the water by 
the washing with solvent. The solvent extract was fractionated by adding absolute 
alcohol, then evaporating the residual isopentane. The alcohol solution was filtered and 
stored at —20°C. A white substance came out of the solution. A yellow oily material 
left in the aleohol had an odor of chicken broth. This oil could be further purified by 
high vacuum distillation in a Hickman still. 

The procedure, then, leaves us with three components: a white fatty-acid like 
substance, a yellow oily fraction, and a water-soluble fraction not extractable with 
the solvents used. The water-soluble fraction contained considerable flavor. Upon 
addition of H.SO, to the water-soluble fraction further extraction with the isopentane 
was evident, as though the acid induced a change in flavor. At no time was the 
water extract completely odorless. Indications are that the yellow oily material is a 
breakdown product of the sulfur-containing compound which is not extractable until 
after the sulfur is removed. Thus the fractionation in this procedure is quite similar 
to that in the mercuric sulfate precipitation. 

Many other procedures, such as aspiration into sodium hydroxide and absolute 
aleohol, saturation of the solution with pure acetone and freezing out the water, ion 
exchange adsorption, and continued fractional distillatidn were tried for purifying 
the flavoring components. These procedures were abandoned in most cases because 
the yield of the flavor was too small to be measured. An outline of the chosen pro 


cedure is given in the following diagram (Figure 1). 


Vacuum Distillation 


A description of a third procedure is of interest, because it demonstrates additional 
properties of the flavor. The vacuum in the flash still was increased to maximum. Steam 
was allowed to flow freely through the preheater, to distill the solution at a high tem 
perature. A series of traps, cooled by various methods, were aligned before the vacuum 
pump in the following order: ice and salt, dry ice and acetone, and, lastly, liquid 
nitrogen. The acidified distillate was introduced and distilled slowly. The high vacuum 
and high temperature in the heater allowed the condensate to remain warm; so the most 
volatile portions went into the trapping system. Most of the water was removed in the 
trap cooled by a mixture of ice and salt; the remainder ¢f the water was condensed 
in that cooled by dry ice; while the trap cooled by liquid nitrogen removed the 
remaining volatile materials. 

* Isopentane can be obtained in a very pure grade from Phillips Petroleum Company. 
The solvent was further purified by shaking with sulfuric acid and distilling. 
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Fig. 1. Procedure for fractionation of chicken-flavor components. 


The dry ice trap contained a material with a fatty-acid odor, while the liquid air 
trap contained a yellow oil which smelled and tasted strongly of chicken. In the liquid 
air trap some H.S condensed which was evaporated before tasting the residue. 

The volatility of the flavoring substance under the conditions stated, illustrates 
that its boiling point is very close to that of water. This might account for the diffi- 
culty encountered in fractional distillation. The material in the liquid air trap was 
only partially water-soluble. This change in solubility might have been caused either 
by the desulfuration or by a breakdown of the flavoring constituents. 

DISCUSSION 

At this point the following properties of the flavoring compounds are 
evident: (1) The flavor is composed of at least two portions, namely, a 
sulfur containing material and a fatty acid-like material. (2) The sulfur 
compound is highly labile and gives off H,S upon standing. (3) The 
sulfur component is produced from some sulfur-containing material of 
chicken, since no flavor is evident in raw chicken. (4) The flavoring com- 
pounds are highly labile and probably cannot be isolated without some 
destruction. 
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The desulfuration during distillation of the flavoring materials, and 
its accompanying changes in properties of the distillate, indicates that it 
might be very difficult to obtain suitable amounts of the pure flavor in 
crystalline form. For this reason solvent extraction was chosen to produce 
a concentrate for identification of the chemical compounds related to the 
flavor. Identification of these constituents should ultimately lead us to 
the identity of the original flavoring substance. The other methods of 
purification discussed are, of course, invaluable to prove that extraction 
products are not artifacts. 

The production of ammonia in the primary distillates is a most inter- 
esting and valuable property, for the alkaline conditions fix the flavor 
in the water solutions, and enable one to collect the flavoring components. 

The appearance of two distinct components in the flavor is to be ex- 
pected. It is of common knowledge and has often been suggested, Crocker 
(1948), that chicken is composed of two principal flavoring components, 
a meat flavor, and a flavor peculiar to poultry meat. 

In subsequent papers the properties of the isolated compounds wiil be 
discussed. 

SUMMARY 

During the steam distillation of chicken broth there is evident a dis- 
sociation of ammonia which condenses and fixes the volatile flavoring 
components. 

Acidification and redistillation produces a strongly flavored distillate. 
The method chosen for the concentration and fractionation of the com- 
ponents of the distillate was solvent extraction which separated the water 
solution into three distinct fractions. 


Upon standing or extraction with solvent, desulfuration (hydrogen 
sulfide production) of the distillate continues as long as the true flavor 
is evident. That sulfur is an integral part of the flavor is demonstrated 
by preparation of the true odor by heavy metal precipitation. 

The decomposition of the flavor during solvent extraction indicates 
that a study of the breakdown products will be essential to identification 
of the contributing component. 
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It has long been suspected that part of the deterioration in the flavor 
of canned orange juice on storage is due to changes in the lipid constitu- 
ents. Nolte and von Loesecke (1940) established that 16 months of storage 
of canned juice caused oxidative changes in the lipid fraction. Matlack 
(1940) made a qualitative analytical study of California Valencia orange 
juice lipids, but did not attempt to study changes that occurred on storage. 
Swift (1946) devised an analytical method for the determination of lipid 
materials in orange juice. Curl (1946) concluded from storage studies on 
filtered and unfiltered orange juice that the lipid substances played an 
important role in flavor deterioration. The object of the present work was 
to isolate a sufficient quantity of the lipid so that a somewhat more de- 
tailed study of the composition might be made and a better understanding 
of the changes become possible. 


EXPERIMENTAL 

In the 1947 Valencia orange season, 116 boxes of oranges, mostly packing-house 
rejects, were hand-reamed to extract the juice which was then passed through a com 
mercial finisher, deaerated, pasteurized at about 95°C., and sealed in 46-ounce plain tin 
eans. In all, 1644 cans of the 46-ounce size and 21 cans of the 18-ounce size were 
obtained. Each day’s pack was divided into two equal lots, one of which was stored 
in a laboratory loft at temperatures ranging up to 40°C., while the other was stored 
in the cold room at 0° to 5°C. The present work is concerned with the examination 
of the lipids of the canned juice that had been stored in the refrigerator. After further 
study it is planned to report the results of a similar examination of the lipids of the 
aged juice. 

As soon as was convenient, the extraction of the freshly canned juice (i.e., that 
stored in the cold room) was begun. Previous work by Swift (1946) had shown that 
filtering and extraction of the filter cake was the most feasible way to do this. Since 
the equivalent of 830 cans of the 46-0z. size were to be processed, it was necessary to 
carry out the extraction batchwise, nearly 70 runs being required. One dozen 46-ounce 
cans were processed at a time, the contents being bulked, treated with about 70 gm. 
of Hyflo Supercel filter-aid,* and filtered on two 10-inch Buchner funnels that had been 
precoated with the same material. The filter cakes were drawn as dry as possible by 
vacuum and then were cut into l-em. squares with a sharp spatula while still in the 
funnel. The pieces of filter cake so obtained were then charged into a stainless steel 
extractor of the Soxhlet type and extracted with acetone for about 20 hours or until 
the acetone from the extraction chamber was colorless. Previous work had shown that 
practically all the lipid substances are extracted by acetone under these conditions so a 
subsequent extraction of the filter aid with petroleum ether was not made. The acetone 
was distilled from the extract and the residue was taken up in petroleum ether, which 


‘Agricultural Chemical Research Division Contribution No. 263. 

* One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, 
Agricultural Research Administration, U. S. Department of Agriculture. 

* The mention of trade products does not imply their endorsement by the Department 
of Agriculture over similar products not mentioned. 
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was then combined with the petroleum ether extracts from the other batches. Upon 
concentration of this total extract, a solid material separated which, after reerystalliza- 
tion from a large volume of ethanol and drying, weighed about 26 gm. and gave the 
reactions of a sterol glycoside. This conclusion has since been confirmed and this 
substance has been reserved for further study. When the volume of the remaining 
solution had been reduced to 4.5 liters, an aliquot was measured into a tared flask and 
the weight of lipid obtained by evaporation, drying, and weighing. From the data so 
obtained it was caleulated that about 1000 gm. of lipid material had been obtained. 
This represents a yield of about 0.09 per cent on the whole juice basis. 

The bulk of the petroleum ether was distilled from a portion of the extract and 
the residue was heated for 2 hours in a vacuum at 95°-100°C. to remove the last traces 
of the solvent. The resulting lipid material was a dark-red viscous liquid and it is 
upon this that the analyses in this paper are based. In Table 1 are listed the results 
of the determinations, without any attempt at interpretation. 


TABLE 1 


Analysis of Lipid Fraction from Florida Valencia Oranges 


107.3 

336.0 
14.81 per cent 
0.17 per cent 
59.00 per cent 


Iodine no. of esters of fatty acids.......... 
Saponification equivalent of whole lipid 
Unsaponifiable... 

Volatile in steam. 

Fatty acids, total. 

Fatty acids, free... 

Glycerol.. 

Phosphorus 

Nitrogen.. 

Choline veil ia piieese 2.36 per cent 
12.41 per cent 


21.00 per cent 
3.43 per cent 
1.40 per cent 
0.61 per cent 


Tsoamyl alcohol soluble total 
Isoamy! alcohol soluble (resin acids?), free 4.90 per cent 
Additional sterol glycoside..... 1.48 per cent 


The unsaponifiable fraction was determined by the Kerr-Sorber procedure and fatty 
acids were determined on the residue in the usual manner. A detailed study of their 
composition is being made and the results will be published separately. Glycerol was 
determined on the aqueous solution after extraction of the acids by a procedure adapted 
from one in the A.O.A.C. Official and Tentative Methods, 6th edition, page 551. Phos 
phorus was determined by standard methods after ashing the lipid with magnesium 
nitrate. Nitrogen was determined by the Kjeldahl method on an acid hydrolysate after 
the unsaponifiable matter and acids had been removed. Choline was determined on the 
acid hydrolysate of the lipid, using the method of Thornton and Broome (1942). The 
isoamyl alcohol-soluble material was obtained by extraction with this solvent of the 
acidified aqueous saponification residue after the removal of unsaponifiable and fatty 
acids by petroleum ether. This is the material referred to by Nolte and von Loesecke 
(1940) as ‘‘acid resins.’’ The determination of the steam-volatile material was made 
by introducing a sample of the lipid into a liter flask, adding a large volume of water, 
and distilling in a volatile oil apparatus. The free fatty acids were obtained by titrating 
a sample of the lipid in neutralized ethanol, diluting with water and petroleum ether, 
shaking, and allowing the layers to separate in a separatory funnel. The aqueous solu 
tion of the acid salts was withdrawn and the petroleum ether solution of the residual 
lipid was washed a couple more times with water, the washings being added to the 
aqueous solution which was then made acid and extracted with petroleum ether. The 
fatty acids extracted by this solvent were determined in the usual way by evaporating, 
drying under carbon dioxide, and weighing in a tared flask. The acids were highly 
colored and obviously impure. The aqueous solution remaining was then extracted with 
isoamyl aleohol. This solution was handled in the same manner as the petroleum ether 
extract, except that it was dried in a vacuum oven until the odor of isoamy! alcohol 
was not perceptible. The weight expressed as a percentage was entered as ‘‘ free isoamy! 
aleohol soluble.’’ The item entitled ‘‘additional sterol glycoside’’ was not obtained 
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from an analytical sample, but accumulated at the interfaces when 600 gm. of the 
lipid was extracted for fatty acids after removal of the unsaponifiable matter. After 
recrystallization from pyridine and aleohol and drying, the weight was 8.9 gm., or 


1.48 per cent. 
DISCUSSION 


Obviously the amounts of some of the constituents as determined re- 
quire some interpretation if one is to arrive at the probable state in 
which they existed in the unsaponified lipid. For example glycerol could 
not occur free because it would be water-soluble and be lost in the juice. 
Besides, there are more than enough acids to combine with the glycerol 
so it is likely that it exists as the glyceryl radical and to the extent of 
1.53 per cent. Probably the best point from which to attack the problem 
is from the phosphorus and nitrogen content. It will be observed that 
these occur in amounts of 1.40 and 0.61 per cent, respectively, which are 
in the atomic ratio of 1:1, commonly found in phosphatides such as lecithin 
and cephalin. This ratio, plus the fact that choline was found and deter- 
mined, makes it extremely likely that ethanolamine is present and accounts 
for the balance of the nitrogen. An attempt was made to demonstrate 
its presence using the method of Shupe (1941). The aqueous portion of 
the acid hydrolysate was concentrated somewhat and treated with sodium 
nitroprusside solution and a positive test for a primary amine was ob- 
tained. An attempt was made to prepare the p-bromo-benzene sulfonyl 
chloride derivative which for ethanolamine should melt at 94°C. A small 
amount of crystalline material melting at 86°C. was obtained. By repeated 
recrystallizations the melting point was raised to 90°C., but the amount 
of material was too small to carry the purification further. Thus, while 
the presence of ethanolamine is strongly indicated, it is not proved, but 
will be included as the most likely compound to account for the balance 
of the nitrogen. The phosphorus was almost certainly present as the 
monoacid phosphate radical, which is a part of the phosphatide molecule, 
and the equivalent percentage of this is 4.34. The choline, calculated as 
the choliny] radical, is 2.03 per cent instead of 2.36 per cent. The nitrogen, 
not accounted for as choline, gives 1.09 per cent when calculated as the 
ethanolaminyl radical. The average molecular weight of the fatty acids, 
273 (from further work to be published later), would be 272 as the acid 
radical and this would alter the combined acid percentage from 38.0 to 
37.9. A similar adjustment should be made on the combined portion of 
the acid resins, but it is small and uncertain and will be omitted. The 
total is given in Table 2. Some of the sterols of the unsaponifiable may 
be combined with fatty acids. 

The 3.24 per cent of the lipid fraction unaccounted for may represent 
experimental error. There is also a possibility that inositol, which has 
been found in citrus fruit by Nelson and Keenan (1933) and by Cheldelin 
and Williams (1942) is a constituent of the lipid fraction as part of the 
phosphatide portion. It has been found as a phosphatide constituent in 
other sources. 

By taking the average molecular weight, of the fatty acids as 272, it 
is possible to calculate the amounts of lecithin and cephalin from the 
amounts of choline and ethanolamine, respectively. Thus, 2.03 per cent 
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TABLE 2 
Composition of the Lipid by Radicals and Classes of Compounds 


37.90 per cent 
..21,00 per cent 
.. 14.81 per eent 


Fatty acids, combined 

Fatty acids, free 

Unsaponifiable matter 

Isoamy] aleohol-soluble (resin acids) total 
Additional sterol glycoside .. 1.48 per cent 
Volatile in steam .. 0.17 per cent 
Glyceryl radical CH.—CH—CH: sad .. 1.58 per cent 
Manmensl’ phenphate reBienl, TEP Os. ...:ccccccserccessecrsssssrsenesstsvintcssseinntabtenetnsstesiennees . 4.34 per cent 


Weitreem, COtA) ...ccccsersccccorsovesd 0.613 per cent 
ge ee 0.273 per cent Choliny! radical . .. 2.03 per cent 
Ethanolamine NV ................ 0.340 per cent Ethanolaminy] radical 1.09 per cent 


Total 96.76 per cent 


of the cholinyl] radical implies 15.3 per cent lecithin and 1.09 per cent 
of the ethanolamine radical implies 18.0 per cent cephalin. These account 
for a little more glycerol than was actually found. This still leaves 13.6 
per cent of the combined acids that may be combined with sterols, a possi- 
bility previously pointed out by Matlack (2). There is no direct evidence 
for this, however. When the above relationships are taken into account, 
the composition of the lipid may be expressed as shown in Table 3. 


TABLE 3 
Probable Composition of Lipid as Interpreted from Data 


14.81 per cent 


Unsaponifiable matter ; 
Isoamy! alcohol-soluble (resin acids) total cveccvcccscoscesees Lashh Per Cont 


Fatty acids, free : eee 
Fatty acids, combined (perhaps with sterols) .............:0:ccccessereereeees ; . 13.60 per cent 
UN RO ns sass hal cee elias edeeitlglodaneiield Ts 
Volatile in steam . 17 per cent 
Lecithin sinnasaiet 15.3 per cent 
Cephalin 18.0 per cent 


96.77 per cent 


SUMMARY 

1. The lipid material of Florida Valencia orange juice has been isolated 
and a proximate analysis has been made. It appears that the particular 
sample isolated contained about one-third phosphatides in spite of the fact 
that the extraction of them was made with acetone. 

2. The percentage of unsaponifiable matter is considerably lower than 
has been found on earlier samples indicating that the lipid constitution 
is subject to considerable variation. 
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Tomatoes produced for the canner are harvested at the red-ripe stage 
as maximum color is required. This conventional procedure, however, does 
not insure highly colored tomatoes during all periods of the growing season 
and is also partially responsible for the high losses sustained in the field. 
The red tomato pigment (lycopene) develops most rapidly in the tem- 
perature range of 21-24°C.(70-75°F.), Duggar (1913), Wright, Pentzer, 
Whiteman, and Rose (1931), and Vogele (1937), and its rate of formation 
decreases rapidly as the temperature drops below or rises above this rather 
narrow range. The temperature of a tomato fruit, when adequately shaded 
by foliage, will be approximately that of the air temperature. The tem- 
perature of a fruit exposed to the sun, however, will be considerably higher 
than air temperature. A number of measurements have indicated that 
fruits exposed to the sun will often reach temperatures as high as 38-49°C. 
(100-120°F.) during bright days. Fruit temperatures of 32°C.(90°F.) are 
quite common during the day time. Since fruit temperatures are pre- 
dominantly in the nineties during the latter part of July and August, and 
often in the sixties or below during the latter part of September, condi- 
tions for optimum coloration are unfavorable during a large portion of 
the tomato season. This means that the fruits must remain on the plant 
longer for lycopene accumulation than they would if optimum tempera- 
tures prevailed. Over-ripe and soft fruits often result, and a high proportion 
is lost. Losses sustained in the field vary with temperature and rainfall, 
and are usually high. Often only half the crop is harvestable. It is obvious 
that the longer the fruit must remain in the field the greater these losses 
will be; and conversely, the earlier the fruits are harvested the greater 
will be the recovery. 

Gaylord and MacGillivray (1934) observed over 25,000 tagged fruits 
to determine their ripening sequence in the field. They found that total 
fruits reaching U. 8S. No. 1 cannery grade in Indiana may be as low as 
28.8 per cent during adverse seasons and the average for a five-year period 
was only 68.3 per cent. These percentages represent the total fruits reach- 
ing the U. S. No. 1 condition, i.e., the highest grade attainable. Under 
commercial harvesting conditions, however, many of these fruits are not 
harvested at this grade. The percentage actually taken from the field 
would be considerably less, due to field losses caused by cracking, rotting, 
and sun scalding. 

Immature fruits may be ripened off the vine and, if optimum ripening 
temperatures are provided, high lycopene will develop. Artificial ripening 


* Present address: Biology Division, Argonne National Laboratory, Chicago, Illinois. 
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of tomatoes is a common practice with Southern- and Mexican-grown 
‘‘green-wrap’’ fruits. The procedure and problems have been described 
by Sando (1920), Diehl (1924), Rosa (1925, 1926), and Wright et al. 
(1931, 1940). Artificial ripening of immature tomatoes for canning pur- 
poses has not been given general consideration. The purpose of the experi- 
ments here reported is to determine the relative quality of vine-ripened and 
artificially ripened tomatoes for canning uses. 


DEFINITIONS 


To avoid repetition in description of maturity stages, certain terms used will be 
defined. During ripening of the tomato several changes in composition and texture 
oceur simultaneously with pigment changes, but the following terms pertaining to 
maturity stages are based on the color of the fruit. A green fruit attains maximum 
size; then chlorophyll disappears and earotinoids develop. The term ‘‘mature-green’’ 
refers to the stage when the fruit is green, but sufficient decomposition of chlorophyll 
has taken place at the blossom end to produce a white or very light green area. No 
trace of red color has developed. This is succeeded by the ‘‘turning stage’’ when the 
fruit is still mostly green, but the blossom end area has a slight blush of red color. 
Fruits at the ‘‘pink stage’’ have passed the ‘‘turning stage’’ but have not reached the 
U. S. No. 2 stage. They are still green but have a definite pink color. The color of 


U. S. No. 2 and U. 8S. No. 1 stages are those defined by the Bureau of Agricultural 
Economies in their U. S. standards for canning tomatoes. A U.’S. No. 2 fruit, with 
reference to color, must be ‘‘fairly well colored’’ which means that the tomato shows 
at least two-thirds good red color. A U. 8. No. 1 fruit must be ‘‘ well colored’’ which 
means that the tomato shows at least 90 per cent good red color. The U. S. No. 1 stage 
is also often referred to as the red-ripe stage. 

To avoid confusion concerning grade of canning tomatoes, an explanation may be 
desirable. Frequently, tomatoes delivered to the cannery may grade 90 per cent or 
more U. S. No. 1 fruits, and relatively few U. S. No. 2 and cull fruits. This break- 
down of grades, however, is based on the load delivered to the cannery and has no direct 
relationship to the relative proportions of these grades in the field. Obviously, the lower 
grade and cull fruits are not harvested but left in the field. 


PROCEDURE AND METHODS 


The effect of various harvesting procedures on yield was tested during the 1944 
season, and various preliminary ripening studies were also conducted in Urbana during 
the 1944 and 1945 seasons. During the 1946 and 1947 seasons, larger seale ripening 
studies were conducted in the northern part of the state in cooperation with a canner. 
Sufficient tomatoes of the three canning varieties, Rutgers, Garden State, and Stokes 
dale, were planted in 1947 to operate a one-line tomato-juice plant. About 20,000 cases 
of commercial tomato juice were packed from vine-ripened and artificially ripened 
tomatoes. The tomatoes ripened artificially were harvested at both turning and pink 
stages and ripened in lug boxes stacked in a ripening room large enough to hold 45 
tons of tomatoes at one time. The temperature of the ripening room was held at 22°C. 

72°F.) and the air in the room was continuously renewed by a circulating fan and 
duct system to provide adequate ventilation. 

Duggar (1913), Vogele (1937), and Clendenning (1941, 1942) have shown that oxy 
gen is required for ripening and pigment formation. Sando (1920) has pointed out 
that absence of proper ventilation during ripening will result in inferior flavor in 
tomatoes. 

Samples of juice of each lot canned were analyzed in the Vegetable Crops labo 
ratory of this department for total solids, total sugars, pH, ascorbic acid, total pig 
ments (primarily lycopene), and carotene. All determinations were made on duplicate 
samples. 

Tetal solids were determined on twenty-gram samples in a ventilated Brabender 
oven adjusted at 80°C.(176°F.). Recorded total solids are corrected to exclude the 
salt added to the juice. 
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Total sugars were determined by the picric acid method as described by Willaman 
and Davison (1924), but the determinations were made with a filter photometer pre- 
viously standardized with dextrose. 

A glass electrode was used to determine pH. 

A 0.5 per cent oxalic acid solution was used to extract ascorbic acid as recom 
mended by Ponting (1943). Mixtures containing one ml. of acid for each gram 
of juice were blended. Filtered aliquots were titrated with standardized sodium 
2,6-dichlorobenzenoneindophenol. 

Total pigments were extracted with hexane and determined on a filter photometer 
previously standardized with a prepared sample of lycopene. 

Carotene was separated from an aliquot of the total pigment extract by adsorption 
on a Tswett column consisting of a mixture of magnesium oxide and a diatomaceous 
filter aid (Hyflo Super-Cel, Johns Manville) and eluted with a few drops of absolute 
ethanol. The eluent removes the carotene first which is made up to volume and similarly 
determined with the photometer standardized for carotene. 

The differences between the analyses of the juices made from vine-ripened and 
room-ripened fruits were tested for significance by the t test and handled according to 
the procedures for comparing two unpaired groups with unequal numbers. 


RESULTS 


Harvest procedure and yield. As already stated, the yield of tomatoes 
is determined, among other production factors, by the number of usable 
fruits which are recovered. Recovery of fruits decreases in relation to the 
time during which they remain on the vine. Any practice which decreases 
the time a fruit remains on the vine would also increase the yield of usable 
tomatoes. 

During the 1944 season, tests were conducted at the Cook County Sta- 
tion, Des Plaines, Illinois and at Urbana to observe the effects of harvest- 
ing immature fruits and frequency of harvesting on yield. Since many of 
the unusable fruits remaining in the field are cracked and partially or 
entirely decayed, the effect of removal of culls was also tested. The results 
(Tables 1 and 2) indicate that both frequency of harvesting and stage 


TABLE 1 
Effect of Harvesting Procedure on Yield of Tomatoes’ 


Harvested at Harvested at Harvested at Harvested at 
turning stage, U.S. No. 2 stage, U. 8. No. 1 stage, U. 8. No. 1 stage, 
culls removed culls removed culls removed culls not removed 


tone per acre tonsa per acre tons per acre tons per acre 
13.63 12.78 9.82 7.52 
1 Cook County plots, Early Baltimore variety. Yields based on four replications. Tomatoes 
harvested twice per week or as needed. 


TABLE 2 


Effect of Harvest Frequency and Stage of Maturity at Time of Harvest ou 
Yield of Tomatoes’ 


Harvested six Harvested six | Harvested two Harvested 

times per week times per week times per week once per week 

Variety at U. 8. No. 2 at U. 8. No. 1 at U. 8. No.1 at U. 8. No.1 
stage, culls stage, culls stage, culls stage, culls 

removed removed not removed not removed 


tone per acre tons per acre tons per acre tone per acre 
Early Baltimore 30.60 23.91 14.14 12.19 
PE Or Bi ensessicnntescnctes 21.22 ‘ 6.23 3.31 


1 Urbana plots. 
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of maturity at time of harvesting affect yield. The increases in yield due 
to harvesting at immature stages as compared with harvesting at the red- 
ripe stage range from approximately 28 to 40 per cent. The yields are still 
further increased when the picking frequency is increased and when culls 
are removed from the field. Recently Sayre and Patterson (1950) have 
demonstrated similar consistent increases in yield by harvesting at imma- 


ture stages. 

Artificial ripening of turning and pink fruits. Fruits ripened artifi- 
cially for the ‘‘green-wrap’’ industry are harvested at the 
stage. Such fruits require a long time to develop red color. Coloration pro- 


sé 


mature-green’’ 


ceeds at a rather non-uniform rate, because mature-green fruits actually 
represent a rather wide range of maturity. Preliminary experiments also 
indicated that mature-green fruits, ripened artificially, will not attain a 
color suitable for canning purposes. 

Fruits selected at the ‘‘turning stage,’’ or at any succeeding stage, may 
be ripened satisfactorily. Such fruits will develop a high color. Turning 
fruits ripen very uniformly and with little variation in red color, because 
the turning stage represents a definite and easily recognized stage of 
maturity in that the red color is just appearing. 

A turning fruit requires about 12 days to attain maximum or near 
maximum color under optimum ripening conditions [about 22°C.(72°F.) 
and adequate ventilation]. A pink fruit requires several days less, depend- 
ing upon its actual maturity stage. Good color, however, can be obtained 
in considerably shorter periods and under commercial conditions it may be 
advantageous to reduce the time in the ripening room and accept a slight 
loss in pigment formation. 

Fruits ripened for commercial uses should be sorted into comparable 
color stages to assure uniform ripening and to prevent the development of 
over-ripe soft fruits, which may start to decay before other fruits have 
reached a satisfactory stage. 

Fruits ripened off the vine lose weight, primarily due to moisture loss. 
During the 1946 season the magnitude of such moisture loss was deter- 
mined for 43 different lots. These lots were made up of turning and pink 
fruits of the Rutgers and Illinois T19 varieties, which were placed in the 
ripening room for various periods. The lots, consisting of five to 20 lug 
boxes each, were weighed before and after ripening. A lug box contained 
about 35 to 40 pounds of fruit. The average loss from the 43 different 
lots was 5.65 per cent for an average time of 145 hours, or slightly less 
than 1 per cent per day (0.93 per cent per day or about 0.039 per cent 
per hour). The average moisture loss of turning tomatoes was 0.04 per 
cent per hour and that for pink tomatoes was 0.037 per cent per hour. 
A loss this small was not sufficient to cause noticeable shriveling during 
the ripening period. MacGillivray (1926) has shown that weight losses 
during storage of tomatoes, in the case of fully ripe fruits, are propor- 
tional to the length of time in storage as well as the temperatures. He 
also detected some losses in organie constituents. 

Analyses of canned juice. Two canned samples of each lot canned dur- 
ing the 1947 season were bulked and analyzed in duplicate. A total of 106 
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separate lots were analyzed, of which 58 were juice made from field-ripened 
tomatoes and 48 were juice made from room-ripened tomatoes. A statistical 
summary of the results is given in Table 3. 


TABLE 3 


Comparative Composition of Tomato Juice Made from Vine-Ripened and 
Room-Ripened Tomatoes 


= F Total pigments . 
= Total solids, | Total sugars, as lycopene y ey pH 
© pet. pet. (mg. per ; 
100 gm.) 100 gm.) 100 gm.) 


Vine | Room| Vine | Room! Vine | Room Vine | Room Vine |Room | Vine | Room 
ripe ripe ripe ripe ripe ripe ripe ripe ripe ripe ripe | ripe 
+—— _ _ = 4 


t 
Standard 
error of 0.20) 0.29} 0.04} 0.05 J 0.16 | 0.17 005 | 002 | .012) .015 


mean 


17.97) 5.93 | 5.94] 3.43] 3.27] 6.02] 5.63 285 | 311 


Mean values} 21.27 | 





Coefficient 
of varia 73 19.92 | 20.93 


tion, pet. 

















Significance 
at one per 
cent level 























The ascorbie acid content of canned juice made from field-ripened 
tomatoes was 21.27 + 0.20 mg. per 100 grams as compared to 17.97 + 
0.29 mg. per 100 grams for juice made from room-ripened tomatoes, a 
highly significant increase of almost 19 per cent as indicated in Table 3. 
Such a difference would be expected since room-ripened tomatoes receive 
no sunlight during the ripening period. Hamner and Maynard (1942), 
McCollum (1944), and others have shown that exposure to sunlight will 
increase ascorbic acid in tomatoes. 

The total pigment content of a tomato is an index of red color since 
most of the total pigment consists of lycopene. Carotene, a yellow pig- 
ment, however, will also influence the color. The total pigment content 
of juices made from vine-ripened and room-ripened tomatoes do not differ 
significantly (Table 3). 

The carotene content of juice made from room-ripened tomatoes was 
0.311 + .002 mg. per 100 grams as compared to 0.285 + .005 mg. per 100 
grams for juice made from vine-ripened fruits, a highly significant in- 
crease of over nine per cent. This finding is somewhat contrary to what 
might be expected as sunlight exposure has also been found to increase 
carotene in tomatoes. Ellis and Hamner (1943) have reported a reduction 
of carotene in tomatoes ripened artificially as compared to that in vine- 
ripened fruits. The larger amount of carotene in juice made from room- 
ripened fruits in the present experiments may be due in part to the fact 
that room-ripened tomatoes were of uniform ripeness and were processed 
before becoming over ripe. Over-ripe fruits are low in carotene and a 
certain portion of field-ripened fruits are usually over ripe. This is em- 
phasized by the greater uniformity in carotene content of juice made from 
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room-ripened tomatoes as compared to that made from vine-ripened toma- 
toes. The coefficients of variation (Table 3) for the room-ripened group 
is 3.59 per cent as compared to 12.62 per cent for the vine-ripened group. 

The differences between total solids, total sugars, and pH values of 
juices made from field-ripened and room-ripened tomatoes were not sig- 
nificant. The pH values were very uniform (coefficients of variation are 
2.15 per cent and 2.45 per cent, respectively) and the values for the two 
groups are substantially identical (4.2 + 0.012 and 4.2 + 0.015). 

It would be expected that total sugars (and total solids, as affected 
by total sugars) would be lower in the room-ripened series because of sugar 
lost during respiration of fruits while in the ripening room. This is, no 
doubt, offset by the moisture loss of this group while in the ripening room. 
There is no direct way to detect absolute amounts of sugar lost. As shown 
in Table 3, the differences between total sugars of the two series (3.43 + 
0.06 and 3.27 + 0.06) are greater than the differences between total solids 
(5.93 + 0.04 and 5.94 + 0.05) but neither difference is significant. 

These results indicate that immature tomatoes can be ripened for can- 
ning purposes. With the exception of ascorbic acid, the quality of such 
tomatoes is equal to or superior to vine-ripened fruits. Juice samples of 
canned lots were tasted and no detectable differences were observed. The 
graders also graded the juices made from artificially ripened fruits as 
high or higher than those made from field-ripened fruits. The field-ripened 
tomatoes used for making juice, of course, were selected for the usual 
canning requirements and a considerable proportion of the field-ripened 
fruits could not be used. If this selection is not made the resulting juice 
would be of an inferior grade and the extent of the poorer grade will 
vary with the season. Sando (1920) reported that artificially ripened 
tomatoes were equal in quality to vine-ripened fruits, provided adequate 
ripening conditions are maintained. Since the controlled environment of 
a ripening room is uniform and adjusted to meet optimum ripening con- 
ditions, it is possible to produce tomatoes and tomato products that are 
much more uniform than those produced from tomatoes grown under 
variable ripening conditions in the field. Saywell and Cruess (1932) and 
Hamner and Maynard (1942) show that quality constituents vary con- 
siderably in tomatoes and tomato products, depending on the conditions 
under which the crop is grown. 


SUMMARY 


Yields of usable tomato fruits are increased by harvesting the fruits 
at various immature stages as compared to harvesting at a red-ripe stage. 
This increase in yield is brought about by a reduction of the losses nor- 
mally sustained when fruits are permitted to ripen fully on the vine. 
Fruits harvested at the turning stage, or at any later stage, may be rip- 
ened to a fully colored fruit under adequate ripening conditions. Fruits 
harvested in the green condition, with no trace of red color, do not ripen 
uniformly, nor do they develop maximum color. The moisture lost from 
the fruits during artificial ripening is equal to about one per cent per day. 
This amount was not sufficient to cause noticeable shriveling in any of 
these experiments. 
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Canned tomato juice was prepared under commercial conditions from 
106 different lots of tomatoes. Of these, 58 lots were field-ripened fruits 
and 48 were fruits room-ripened from both the turning and the pink 
stages. Canned samples of each lot were analyzed for ascorbic acid, total 
solids, total sugars, total pigments, carotene, and pH. The ascorbie acid 
content of juice made from vine-ripened fruits was about 19 per cent 
higher than that of juice made from room-ripened fruits. The carotene 
content of juice made from room-ripened tomatoes was about 9 per cent 
higher than that of juice made from vine-ripened fruits. There were no 
significant differences in total pigments, total solids, total sugars, and pH 
values of the juices made from field-ripened and room-ripened tomatoes. 
The color of the juices of the two lots was comparable. 
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Cultivated blueberries, though relatively new, are becoming more popu- 
lar in the family garden. There is still no general agreement as to which 
varieties are the most satisfactory for home use. Moreover, when they are 
to be frozen, the best form of sweetening and whether or not scalding is 
advisable have not yet been established. The present paper concerns the 
relative palatability of eight varieties of cultivated highbush blueberries 
and the effects of freezing by commonly accepted home procedures without 
sweetening, with dry sucrose, and with sucrose sirup, and, in each ease, 
with and without scalding. 


EXPERIMENTAL PROCEDURE 


The tests were begun in the summer of 1947, all the berries being picked near the 
middle of the harvest season. The varieties chosen were the highbush hybrids Atlantic, 
Cabot, Coneord, Jersey, Pemberton, Pioneer, and Wareham, as well as Rubel, a varietal 
selection from the wild. They included both early and late types and those of commer- 
cial importance in New England. 

Immediately after picking, the unripe, overripe, and split berries were sorted out, 
weighed, and discarded. In certain instances the weight of 100 berries was determined. 
After sorting, the berries were washed and drained. Weighed portions from each day’s 
picking were subjected to six different treatments preparatory to freezing, as indicated 
below: 


Dry sucrose Sucrose sirup 
Unsweet- 7 
ened | Concentra 
Treatment berries, Berries, Sucrose, Berries, Sirup, tion of 
gm. gm. gm. gm. gm. sirup, 
per cent 


Not sealded 350 70 200 5! 35 
Sealded 35 350 70 200 35 


The dry sugar was sprinkled over the berries and the mixture stirred frequently 
until the sugar was dissolved. The 35.5 per cent sirup was used in all samples, except 
in the first four tests in which two concentrations of 33.3 and 37.5 per cent were used. 
For scalding, the berries were placed in a colander and scalded in steam over boiling 
water for 1 min. in a covered container, not under pressure. This method was chosen 
as one which could easily be duplicated in the home. 

The ratio of sugar to berries in the dry pack was 1:5 by weight, a commonly 
recommended level for blueberries. The 35.5 per cent concentration of sugar in the 
sirup corresponded in sweetening to that of the dry pack. Sirups slightly more dilute 
and more concentrated were tried in the earlier tests, but in the absence of a consistent 
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preference, a concentration of 35.5 per cent was adopted for all later experiments. This 
sirup is lighter than either the 40 per cent which is often recommended for freezing 
blueberries or the 50 per cent sirup preferred by Moon, Smart, and Caldwell (1936). 

The berries in sirup were put into pint jars and the others into cellophane bags 
and all frozen and stored at —18°C.(0°F.). Due to a defect in the freezer, the berries 
thawed almost completely and then froze again at some time between the eighth and 
twelfth month of storage. Before tasting, the frozen berries were thawed at room 
temperature in the original containers. 

The relative palatability of the different varieties and treatments was determined 
by taste panels of men and women from the University of Connecticut. In the first 
four tests they included visitors at Farm and Home Week as well. The number of 
tasters in any single test varied from 12 to 53. In tests 7 to 9, inelusive, the same panel 
of 16 tasters served throughout. 

The samples of thawed berries were presented to the tasters in simple factorial 
designs in the first five tests (Table 1). In the last four tests, due to the multiplicity 
of variables, the judges tasted and ranked the samples in balanced incomplete blocks 
of four, five, or six. Previous to analysis the ranks were transformed to scores for 
normalizing ordinal data, Fisher and Yates (1948). 


RESULTS AND DISCUSSION 
Relative Palatability of Eight Varieties of Fresh Blueberries 

All eight varieties of the fresh blueberries were ranked in order on 
each of three dates (July 24, 31, and August 5) by the same 12 tasters. 
From their average scores, the varieties could be ranked provisionally in 
decreasing order of preference as follows: Jersey, Atlantic, Pioneer, Pem- 
berton, Concord, Wareham, Rubel, and Cabot. The mean scores of the 
first three were nearly equal, of the next three more widely spaced, with 
Rubel and Cabot more divergent. The mean difference between varieties, 
however, was not significant when compared with the interaction of vari- 
eties x tasters (P — 0.07). The order of preference varied significantly, 
both from day to day and from taster to taster. Concord received the 
highest score on the first test day and Atlantic on the third test day, while 
on the other two days each was outranked by four or more other varieties. 
Of the tasters who discriminated clearly between varieties, some preferred 
Jersey, some Atlantic, and some Pioneer. 

The palatability scores were related to certain physical characteristics 
of the blueberries to determine the influence of the latter upon the dif- 
ferences among varieties. The effect of percentage of unripe berries, of 
the percentage of split and overripe berries, and of berry size was meas- 
ured by an analysis of covariance. None of these factors modified the day 
to day fluctuations in varietal preference, and the percentage of imperfect 
fruit prior to culling had no effect on the average scores of the eight vari- 
eties. Differences in berry size, however, accounted for two-thirds of the 
differences between varietal scores, the varieties having the smallest berries 
scoring the lowest in palatability. Hence in comparisons of fresh berries, 
the factor for size alone accounted for the over-all differences in varietal 
preference, when these were compared with the variety x date interaction. 
Atlantic and Jersey were the largest, Wareham and Pemberton somewhat 
smaller, Concord and Pioneer still smaller, and Rubel and Cabot the 
smallest of the berries. 

The above preferences are somewhat at variance with those reported 
by other workers. The ‘‘dessert’’ quality of these varieties as listed by 
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Darrow, Wilcox, and Beckwith (1944) in decreasing order was Wareham, 
Pioneer, Atlantic, Concord, Pemberton, Rubel, Jersey, Cabot, which com- 
pared with decreasing berry size as follows: Atlantic, Pemberton, Jersey, 
Coneord, Wareham, Pioneer, Cabot, Rubel. Jersey, especially, differed in 
the present study from Darrow’s rating in quality although not in size. 
Of the comparable varieties tested by Moon, et al. (1936), the order of 


decreasing preference was Pioneer, Cabot, Concord, Rubel. 


TABLE 


1 


Description of Palatability Tests on Frozen Blueberries 


Length of 
frozen storage 
(approximate) 


No. of 
tasters 


No. of 
samples 


Varieties 





| 
| 


10 days 
10 days 
10 days 
10 days 


9 months 
10 months 


14 months 


15 months 


18 months 


1 Sweetened with sucrose sirup (35.5 per cent) after thawing and before tasting. 


| 


37 








16 


16 


| 
| 
| 
| 
| 


Pioneer 


! 
Sweetening how - 


— —— 4 


None and 
sucrose sirup 


| 33.3 and 


Concord 


Jersey 


ae 


sucrose sirup 
33.3 and 
37.5 pet. 
None and 
sucrose sirup 
33.3 and 


| 37.5 pet. 


Rubel 


None, dry 


| Jersey 


Jersey 


| Wareham 
| Coneord 


| 
T 
| 
16 
| 
{ 


16 


Pemberton 


Rubel 


Pioneer 


None and 
sucrose sirup | 
33.3 and 
37.5 pet. 
sucrose, and 
sucrose sirup 
35.5 pet. 


—EEE 


None, dry 
sucrose, and 
sucrose sirup 
35.5 pet. 


design 


Factorial 


Factorial 


Factorial 


Factorial 


Factorial 


Balanced 
incomplete 


blocks 





All eight 


Dry sucrose 


Balanced 
incomplete 
blocks 








Atlantic 
Jersey 

Pemberton | 
Wareham 


None’ and 
} 


| 

T 

| 
: | 
sucrose sirup | 
35.5 pet. 





| 
a 


13 


| 
| 
| 


| Coneord 


Atlantie 





Pioneer 
Rubel 


None’ and 
sucrose sirup 
35.5 pet. 


Balanced 
incomplete 
blocks 


Balanced 
incomplete 
bloeks 
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Effects of Prefreezing Treatments on the Quality of Frozen Blueberries 


Varieties. Because of the large number of treatments, all eight varieties 
were included only in test No. 7 (Table 1). Six varieties were compared 
directly in test No. 6 and four varieties in Nos. 8 and 9. The results of the 
frozen berries have been summarized together with those on the fresh ber- 
ries in Table 2. In each case the error term was based upon the interaction 
of varieties x tasters wherever this mean square differed appreciably from 
that for the remaining interactions. In order that they might be compared 
more readily, the average scores in the separate tests have been converted 
to units of the standard error of the difference between two means. Because 
the five experiments compared different groups of varieties the ranks in 
the last column have been assigned from a visual comparison of the coded 
scores rather than statistically. In four of the five experiments an F test 
for the over-all difference between varieties was statistically significant. 


TABLE 2 
Palatability Scores for Eight Varieties of Blueberries, Both Fresh and 
Frozen, in Units of the Standard Error 


| For frozen berries in tests No 


L 
| 
| 


Varietal 


For fresh 5 
91 ranks 


berries | 6 


Varieties 


| 
| 
| | 
} 


PEAS EE : 0.90 2.19 
Pioneer ; 0.73 } 2.18 
BN ssid sccimintnncanies 0.56 2.20 
Wareham eu 0.09 2.06 
Atlantic sosdniisithiotamsiaii 0.84 
a saps 0.23 
Rubel...... peiesupenitties —().98 
iin eithvanisenseiagiintiates ; —2.37 


D. F. in error 14 Pd, | 
Signifies 2e y | 
“Signincance among | 

varieties, | 0.07 <0.01 | <0.001| <0.01 < 0.025 


’ Based on totals for unscalded berries sweetened with sirup. 
? Based on totals for all treatments 


Varietal preferences were affected but little by differences in treatment. 
Scalding and sweetening seemed to improve Wareham more than Jersey 
or Rubel in test six (significant interaction). This may have been related 
to a higher proportion of split berries in the Wareham variety and in con- 
sequence less deterioration in the treated than the untreated samples. 

Sweetening. In every test the berries sweetened before freezing were 
preferred to those frozen unsweetened, a difference which was highly sig- 
nificant (P <0.001) in four of the first six tests (Table 3). Since this 
preference might have been due to the sweetness alone, the unsweetened 
frozen berries in tests eight and nine were sweetened with sucrose sirup 
before tasting. Those sweetened before freezing were still preferred, in 
test eight significantly (P = 0.01). Dry sucrose was compared with sucrose 
sirup as a sweetening agent in tests five and six and received a smaller 
average score in both experiments. The difference was not significant in 
either test. In all of the above comparisons the interaction of tasters x 
sweetening provided the error term. In most of the tests this disagreement 
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among tasters was larger than the higher order interactions, and in fou 
tests (Nos. 1, 2, 4, and 9) significantly higher. It is evident that some of 
them preferred the unsweetened to the sweetened berries. Kirkpatrick 
(1944), Woodroof and Atkinson (1944), and Moon, et al. (1936) likewise 
observed that sweetening before freezing was preferred. 

Scalding. All nine tests of frozen berries compared scalded and un- 
sealded fruit. The unsealded frozen berries were preferred to the scalded 
after a storage period of only 10 days (Table 4). Similarly, unscalded 
Jersey berries were preferred after storage for nine months. In the four 
tests conducted on berries stored for 10 to 18 months, the only significant 
preference was in favor of the scalded berries. These later results may 


TABLE 3 


Palatability Scores for Frozen Blueberries, Frozen Without Sweetening, With 
Dry Sucrose, and With Sucrose Sirup, in Units of the Standard Error 
| Palatability scores 

rn No. of Degrees of For berries {| For berries 
ariety tasters | freedom , For | sweetened sweetened 
| unsweetened | with dry with sucrose 

berries | sucrose sirup 

as © ; 4 te il 





Pioneer 


j 

HH 
Concord 

ataleanniananmenmciaiied 
Jersey 


| Rubel 





Jersey 


-_ —_———_;—— 


| Jersey } 
| 


Rubel 
| Wareham 





Atlantic 
Jersey 
Pemberton 
Wareham 





| 


Atlantic 
Coneord } 16 


0.70" 
Pioneer 


1 Sweetened with sucrose sirup shortly before tasting 
* Average scores for 33.3 and 37.5 per cent sucrose sirup; others all 35.5 per cent 


have been influenced by the fact that at some time between the eighth to 
the twelfth month of the storage period the berries had almost completely 
thawed and then frozen again, due to a faulty freezer. However, the qual- 
ity of the berries remained surprisingly high throughout the period of 
the study, and only rarely was an inferior flavor noted. 

In a few cases the varieties responded differently to scalding, as has 
been discussed previously. In only one test (No. 5) were significant differ- 
ences (P <0.05) due to scalding associated with the type of sweetening 
agent. In the unsealded berries the preferred sweetening agent was sugar 
sirup, while in the scalded it was the dry sugar. The difference in pref- 
erences of the tasters was significant in the tests on berries stored 10 days, 
some of the tasters preferring the scalded to the unsealded fruit. In test 
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seven, with all eight varieties frozen with dry sucrose, there was also a 
significant difference among tasters; in the remaining tests the tasters 
agreed with one another. 

Woodroof and Atkinson (1944) report that scalding prevented the 
development of a woody texture and also improved the flavor and aroma 
in frozen blueberries. On the other hand, Kirkpatrick (1946) found that 
the unscalded berries had a fresher flavor and remained more firm, yet 
exhibited no woodiness. Shimer and Purinton (1948) reported that frozen 
berries of the lowbush type, scalded and unsweetened, developed a tough- 
ness of texture. In the present study the eight varieties, all of the high- 
bush type, showed no evidence of woodiness in either scalded or unscalded 


samples. 
TABLE 4 


Palatability Scores for Frozen Blueberries, Frozen Unscalded and 
After Scalding, in Units of the Standard Error 


*alatability scores — 
x . Degrees &.. Signifi 
Storage No. of | of | For For cance 
period } tasters | freedom unscalded | scalded | bet ween 
| berries | berries | ‘treatments 


| Variety 


Pioneer ays : | @ b oe P <0.01 


| 
de Concord — 10 days | 36 | & 6 |} —1.60 | P<0.01 


ee Wiles ———__—— : mans 
Jereey 10 days | 38 16 | —4.16 | P<0.001 
—EEE —— —————__—_—_—_—}— } = 
4 Rubel | 10 days | 5 2.02 —2.02 | P<0.01 
“2 Gra ES eS Seis 4 seaingiis =: 


Jer orsey 9 months P <0.01 


— -+— 

| Jersey 

6 Rubel 10 months 
Wareham 





All eight 14 months | 
| 





| 

| 

L Atlantic 

Jersey 15 months 
| Pemberton 

| Wareham 





Atlantic 
Concord 18 months 16 15 - 
Pioneer | | 


0.27 


1 Based upon all first and second order interactions of tasters with blanching 


DISCUSSION 


The choice of freezing method might be determined by the way in which 
the blueberries are to be used. If intended for sauce they should be sweet- 
ened with sirup or dry sugar before freezing. If they are to be made into 
pies they might well be frozen unsweetened and unblanched (unpublished 
data). Blueberry pies made from frozen, unsweetened berries (sweetened 
after thawing) proved as palatable as those made from frozen, sweetened 
berries. 

Frozen berries were preferred to the canned, both as sauce and in pies. 

Blueberries maintained their high quality even after long periods of 
frozen storage. Blueberry pies made from berries which had been held in 
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frozen storage for eight or nine months, and themselves frozen for over 
a year, were still considered of good quality. 

The sweetness of the berries was greatly affected by the degree of ripe- 
ness at the time of picking. Even though the color of the unripe berries 
changed from red to blue rather quickly after picking, they remained sour. 
The best quality of frozen berries were those picked when thoroughly ripe. 


SUMMARY AND CONCLUSIONS 

Eight varieties of cultivated highbush blueberries have been compared 
as to palatability, both fresh and after freezing. The berries were frozen 
without sweetening, with dry sucrose, and with sucrose sirup, in each case 
with and without scalding. The relative palatability of the different vari- 
eties did not change significantly after freezing. Ranks have been assigned 
on the basis of five tests in each of which four or more of the varieties were 
compared. Jersey and Pioneer were preferred to the other varieties, with 
Pemberton and Wareham receiving slightly lower scores. Atlantic, Con- 
cord, Rubel, and Cabot followed in order. The size of the berry influenced 
the preference of the tasters, the varieties with the smallest berries receiv- 
ing the lowest scores. 

Berries sweetened before freezing were preferred to those frozen un- 
sweetened, even when the latter were sweetened after thawing. However, 
pies made with frozen berries sweetened after thawing were liked fully 
as well as those made with the berries sweetened before freezing. 

The effect of scalding varied appreciably only in relation to the length 
of frozen storage. In berries stored for short periods, the unscalded were 
preferred; after longer periods (about one year or more) scalding seemed 
to have little effect. 

Tasters varied in their preferences of both fresh and frozen berries. 

The general quality of the frozen blueberries was excellent. No woodi- 
ness was encountered and only rarely was any inferior flavor noted. 
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It has been known for many years that heat processing can impair the 
nutritive value of proteins, McCollum and Davis (1915). The sensitivity 
of cereal proteins to heat has been known since the experiments of Morgan 
(1931). In 1943 information became available on the influence of extreme 
heat, applied for a short time, on the biological value of the proteins in 
cereal breakfast foods. Stewart, Hensley, and Peters (1943) have shown 
in feeding experiments on growing rats that the ratio of gain in body 
weight to protein consumed, when the food intakes of the animals are 
equalized, is depressed by two-thirds by the gun explosion of an oats- 
corn-rye mixture, and by three-fourths by the gun explosion of oats alone. 
It would appear, then, that such methods of preparation will yield break- 
fast cereals whose protein value in nutrition bears little relation to that 
of the raw cereals from which they were derived. In this connection, 
Mitchell, Hamilton, and Beadles (1945) state: ‘‘In the public interest, it 
would seem to be desirable to process cereals for human consumption by 
methods that are less destructive of nutrient content.’’ 

Patton (1950) has recently reviewed the literature on the heat-process- 
ing damage to protein foods, and has pointed out that under conditions 
of dry heat and absence of carbohydrate the injury is due to enzymic 
reactions; e.g., the processing of proteins produces a new lysine linkage, 
which is either not digestible by enzymes or is so slowly digested that part 
of the lysine enters the blood stream too late to participate with the rest 
of the assimilated amino acids in tissue formation. Under conditions of 
moist heat and the presence of reducing substances, true amino acids may 
be largely responsible for protein injuries in processed foods. Since most 
breakfast cereals are processed foods, it was thought of interest to investi- 
gate the protein values of various cereal breakfast foods. 

Breakfast foods vary considerably in protein, vitamin, and mineral 
content and, therefore, would of course vary markedly in their nutritional 
values. Unquestionably, all cereal breakfast foods are good sources of 
calories. When a breakfast is composed of 1 ounce of cereal, 4 ounces of 
milk, and 1 teaspoonful sugar, 104 of the 202 calories are furnished by 
the cereal, Reasor (1946). However, information is lacking on how the 
various processed cereal breakfast foods rate in the biological value of 
their proteins without consideration to the supplementary value of the 
milk added. Oatmeal and Cream of Wheat are often cooked with water 

* With the technical assistance of Leslie Easterling, Joy Dowell, and Mary Crudup. 
Research paper No. 941, Journal Series, University of Arkansas. Published with the 
approval of the Director of the Arkansas Agricultural Experiment Station. 
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instead of milk. In order to supply such information a study was initi- 
ated, the results of which are summarized in Tables 1 and 2. 


TABLE 1 
Total Protein Content of Various Breakfast Foods 





Total protein 


Breakfast food 





pet. 


I eae eels 
Corn-Soya 

a ai anda am lehahcn lp adios oninednensanenuanasesanianledebienmmipinteinemlsianeiion ; 
Wheaties 

Puffed Wheat 

Cream of Wheat. 

Grape Nuts 

Grape Nut Flakes...... i 

40 Per Cent Bran Flakes 

I FR avs evceniareteitnecseccrsisnincrennsnsethicavierequonqntniniancininibesenestionscanseinnianient 17.0 
I aha eas nc iene detente uaiaceanlep cedindhopiegeiedtteniedianetiel 14.9 
Instant Ralston 
Pablum 
Cerevim 


14.6 to 15.1 
17.9 to 19.2 


EXPERIMENTAL PROCEDURE 


This investigation was carried out on Wistar strain, albino rats. The animals were 
about four weeks old when started on the experiments and weighed 50 to 53 gm. each. 
They were weighed weekly, and records were kept of the food consumption. The experi- 
mental period for all the groups of animals was ten weeks with the exception of those 
on Corn Flakes, Kix, and one group on Corn-Soya (Table 2) which were fed for only 
six weeks. Growth on the proteins in Corn Flakes and Kix were so poor that no animals 
survived over six weeks on rations which provided the proteins from such sources; 
therefore, the experimental period had to be reduced to six weeks. One experiment was 
conducted on Corn-Soya for six weeks, so as to have a basis for comparison with the 
one on Corn Flakes; and a duplicate experiment on Corn-Soya was conducted for ten 
weeks. 

The rations contained 2 per cent Cellu-flour for roughage, 4 per cent of Sure’s 
salt mixture No. 1 (1941), 8 per cent vegetable shortening, 2 per cent cod liver oil, 
and 1 per cent wheat germ oil. The breakfast foods furnished the only source of pro- 
teins in the rations which were fed, depending on their total nitrogen content, at pro- 
tein levels of 5, 8, and 10 per cent. Because of their low nitrogen content Corn Flakes 
and Kix could bé fed only at a 5 per cent plane of protein intake. 

The following crystalline components of the vitamin B complex were administered 
daily to each animal separately from the ration: 25 wg. each of thiamine, riboflavin, 
pyridoxine, and niacin, 150 ug. calcium pantothenate, 3 mg. p-aminobenzoic acid, 6 mg. 
choline chloride, and 1 mg. inositol. 

From the gains in body weight per gram of protein intake, the protein efficiency 
ratios (PER) were calculated. The protein content of the breakfast foods was deter- 
mined by analyzing the total nitrogen and multiplying same by 6.25. These results are 
given in Table 1. For breakfast foods made from wheat, the factor 5.7 was used, as 
recommended by Jones (1931). 

RESULTS 

From Table 2 it is evident that Corn Flakes, 40 Per Cent Bran Flakes, 
Kix, Grape Nuts, Grape Nut Flakes, and Puffed Wheat all fall in the same 
category. The proteins in none of these breakfast foods have permitted 
any gains of body weight. Only losses of body weight were encountered 
and a great proportion of the animals on these breakfast foods died be- 
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TABLE 2 
Relative Nutritional Values of Proteins in Various Cereal Breakfast Foods 
(Average results per animal) 
Pro- | o 
Cereal Number ne benges Mortal Total 


in 
breakfast of in body ity 
food animals | ration weight 


Protein 
food intake 
intake 


pet. pet. gm. 
Corn Flakes* 159.3 8. —1,06+0.16° 
Corn Soya*® 309.4 5. 0.88+0,14 


Corn Soya 





505.5 25.3 0.60+0.15 
569. 45. 1.13+0.07 
1.15+0.04 


8920.10 


Kix* 





85+0.05 


Wheaties 
.16+0.02 








2.5020. 





Puffed Wheat 
Cream of Wheat 610. 


90+0, 


' 2 

: 7.3 ws 9| 562 20+0. 
| 

| 

| 

7 

| 


Grape Nuts 95+0. 


28+0.01 





Grape Nut Flakes 730.02 
—6.8 31+0.01 





—6.3 39+0.06 
—5.8 | F 24. 24+0.04 
—2.3 < l | 33. 07+0.01 


40% Bran Flakes 





+49.1 | ostia .67+0.03 
+918 |... 52. 7420.04 


+111.3 | 2 s 6440.06 


Quick Oats 


Cheerios + 66.6 wee 59. 130.04 


| 

| 

| 
Instant Ralston | +34.2 | 521. 26. 3140.14 
| ‘ | +83.4 2 57.8 .45+0.05 

| ‘ +124.2 825.6 | 82. 51+0.05 


Pablum | 2 | : +21.3 ‘ 52. 2.6 94+0.05 
+60.0 | wits 596.7 | A 2620.04 


+93.3 esneet 30. J 280.04 





Cerevim ‘ | 5 +36.7 | 590. 29.; 1.24+0.25 
| ; +82.9 | r 725. 58.0 1.42+0,.02 
10 | +116.7 | 793.2 79.3 1.47+0.02 
1PER signifies protein efficiency ratio, expressed as gains in body weight per gram of protein 
intake. The negative sign preceding PER signifies the loss of weight per gram of protein intake 
2? Standard deviation of the means 
* These groups of animals were 6 weeks on experiments. 
weeks on experiments 








All the rest of the groups were 10 
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tween the second and ninth weeks. Of these, Corn Flakes showed a slightly 
better source of proteins, as judged by the low incidence of mortality. In 
contrast, it was previously demonstrated that when wheat was fed as milled 
enriched flour and when corn was fed as degerminated white corn meal 
to albino rats at 5 per cent protein levels, growth took place at a slow rate 
but without any accompanying mortality, Sure (1947). 

On a 5 per cent level of protein, Wheaties are a poor source of pro- 
teins. On an 8 per cent protein intake, while allowing small increments of 
growth, Wheaties are still a very poor source of proteins. Even on a 10 
per cent protein level, Puffed Wheat proved a very poor source of proteins 
whereas milled wheat fed as enriched flour on the same level of protein 
permitted appreciable growth, Sure (1946). The proteins in Cream of 
Wheat compare favorably in protein efficiency with those obtained by 
feeding wheat proteins in enriched wheat flour, Sure (1946). However, 
when consumed with milk, as they generally are, the heat damage to these 
cereal proteins may be adequately corrected by the milk proteins with 
which they are combined. 

Corn Flakes have a low protein content of 6.2 per cent and are an 
unsatisfactory source of protein biologically. However, when corn is mixed 
with soybeans as in Corn-Soya, the protein content is 18.0 per cent and 
is much improved from the nutritional standpoint (Table 2). 

Cheerios, made from oat flour, showed a value at a 10 per cent protein 
level (the only one fed) similar to that of Cream of Wheat. Under the 
conditions of the present experiment, Quick Oats, Instant Ralston, Cerevim, 
and Pablum proved to be the best of the breakfast foods tested from the 
standpoint of protein efficiency. 

SUMMARY 


A biological study was made of the nutritional values of proteins in 
various cereal breakfast foods, using the Wistar strain albino rat as the 
experimental animal. The yardsticks for evaluation employed were gains 
in body weight per gram of protein intake, which is an index of the protein 
efficiency ratio. 

When tested under the conditions of the present experiment, the pro- 
teins in Kix, Grape Nuts, Grape Nut Flakes, Puffed Wheat, 40 Per Cent 
Bran Flakes, Corn Flakes, and Wheaties were poor sources of proteins, 
as evidenced from losses of body weights or inadequate gains in body 
weight of the rats during the experimental periods. Corn-Soya, Cream 
of Wheat, and Cheerios proved to be fairly good sources of proteins for 
growth. The best results, from the standpoint of protein efficiency, were 
obtained with Quick Oats, Cerevim, Pablum, and Instant Ralston. 
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This investigation was undertaken because it has been reported by 
frozen food-locker operators and others that the rate of salt penetration 
into cuts of meat varied with the size of the salt crystals. 

The Bureau of Animal Industry (1941) reported that without a knowl- 
edge of distribution of salt in muscle tissue the quantity of salt may be 
of little value. Therefore, the depth of penetration and the concentration 
at any particular depth in the loins were determined in this study. 


METHODS 


Six loins from six different hogs of similar weight and breeding were selected for 
this study. An identical portion of each loin was used in order to reduce the variation 
to a minimum. . 

The portion of each loin used was obtained by cutting the loin through the second 
thoracic vertebra (break in the back) and extending anteriorly for twelve inches. This 
twelve-inch portion of the loin was boned, trimmed free of fat, and separated into three 
pieces, four inches in length. 

Each four-inch piece of loin was enclosed in aluminum foil with the exception of 
the end to which the salt was applied. A cut was made around the loin a quarter inch 
from the end of each sample. The aluminum foil was then inserted into the cut in the 
loin and secured with string in such a way that the drip or run-off would flow down 
over the aluminum foil without touching the sample. The aluminum foil extended well 
beyond the opposite end of the loin. This supported it in a beaker above the level of 
the run-off liquid. The salt was applied to the exposed end of the loin. 

The electrometric titration method was used for determining salt 
Brady, Smith, Tucker, and Blumer (1949). 


as described by 


EXPERIMENTAL PROCEDURE 


Fine flake, medium flake, and granulated salt were used in this study. Salt of one of 
these crystal structures was applied to each of the loin samples and after a given time, 
the depth of penetration and the amount of salt absorbed were determined chemically. 

Each of six loins was divided into three samples for this experiment. All three 
samples taken from each loin were randomized for type of salt treatment so that 12 
grams of one type of salt were applied evenly over the exposed end of the sample ran 
domly: assigned to that salt treatment. 

The samples were stored at 4.5°C.(40°F.) for a period of eight days, then were 
removed and sliced into cross sections one-half em. thick. Alternate cross sections were 
analyzed because a preliminary study showed this to be sufficient for chemical analysis. 

The average percentage of salt for the six loin replications of each salt 
treatment in positions one through 13, as indicated, is shown in Table 1. 


*Contribution from the Department of Animal Industry, North Carolina Agricul 
tural Experiment Station. Published with the approval of the Director as Paper No. 371 
of the Journal Series. The authors wish to acknowledge their indebtedness to Dr. H. L. 
Lucas for the statistical analysis of the data. 
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It may be observed that these are only very slight differences in concen- 
tration of the three types of salt at any depth of penetration. 

Statistical analysis of the analytical data showed that there were no 
significant differences between the three types of salt. The salt penetration 
was not influenced by the fat content which ranged from 1.78 to 13.14 
per cent. 

TABLE 1 


Average Percentage of Salt in Loin Cross Section’ 


Cross section Depth Medium 


flake 


Granular 

pet. pet. 

13.21 13.63 

7.77 8.30 

3.97 4.29 

1.40 1.83 2.11 

0.56 0.82 0.99 

5-5, 0.30 0.40 0.54 
6-6.5 0.24 0.24 0.26 


1 Penetration of salt measured after eight days in storage at 4.5°C.(40°F.). 


This study was repeated to determine the amount of the different types 
of salt in the residue not absorbed and the amount of salt in the drip col- 
lected from each loin sample. Weights from six replications of fine flake, 
medium flake, and granulated salt in the residue were, respectively, 3.58, 
3.83, and 3.07 gm.; and in the drip, 1.01, 1.15, and 1.48 gm. These values 
deducted from the amount of salt applied shows that an average of 7.41, 
7.02 and 7.45 gm. of fine flake, medium flake, and granulated salt was ab- 
sorbed respectively. There were no statistical differences in these amounts. 

Hams cured with these three types of salt gave results which were 
essentially the same as those obtained with the loins. 


DISCUSSION AND CONCLUSION 

This study showed no appreciable difference in the quantity or rate of 
penetration of the three types of salt into pork loin muscle. Similar results 
were obtained on hams and are to be expected with other pork cuts. The 
extra cost of using flake salt can not be justified on the basis of the amount 
of salt absorbed or the rate of penetration. However, it may have some 
advantages over granulated salt in ease of application. 

These data show that the salt penetrated the loins at the rate of ap- 
proximately 0.5 em. per day. There were no significant differences in the 
penetration rate of the three types of salt. 

The possible reason for the apparent visible difference in rate of salt 
absorption reported may be due to the difference in weight per unit vol- 
ume. Fine flake salt weighs approximately 83.83 per cent as much as an 
equal volume of granulated salt, while medium flake salt weighs 77.44 
per cent as much as an equal volume of granulated salt. In instances where 
the amount of flake salt for curing meat is measured rather than weighed, 
the actual quantity of salt used is less than an equal volume of granulated 
salt. This may account for the belief that flake salt is absorbed more 
rapidly than granulated salt. 
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SUMMARY 
No difference was noted in the rate of penetration or the quantity of 
salt absorbed when comparing fine flake, medium flake, and granulated 


salt in pork loins. 
There were no significant differences in the moisture loss or in the 
quantity of salt in the drip, or liquid run-off, for the treatments used. 
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ANNOUNCEMENT OF SAMUEL CATE PRESCOTT AWARD 
COMPETITION FOR STUDENT MEMBERS OF THE 
INSTITUTE OF FOOD TECHNOLOGISTS 


An award of $100.00, designated as the SaMUEL CATE Prescott AWARD, 
is to be made by the Northeast Section of the Institute of Food Technolo- 
gists to the student presenting for this competition the best written account 
of a research project in the field of food technology. 

Those eligible for the competition include all student members of the 
Institute of Food Technologists in good standing or persons who were 
formerly student members but who attained their bachelors’ degree no 
more than 12 months previously. 

To be included in the present year, qualified competitors are required 
to submit their written reports in this competition to the Institute of Food 
Technologists, 176 West Adams St., Chicago 3, Illinois, previous to August 
25, 1951. 




















Culture Media for Examination of 


MILK and DAIRY PRODUCTS 


for Plate Counts 


Bacto-TrypTone Guiucose Extract Agar is recommended for 
routine plate counts of bacteria in milk. This medium conforms 
to all requirements of ‘‘Standard Methods for the Examination 
of Dairy Products’’ of the American Public Health Association, 
except that it does not contain skim milk. 

Bacto-ProrgosE TryPTONE AGak is recommended for determinations 
of the total bacterial plate count of certified milk. This medium 
is prepared according to the specifications of ‘‘Methods and 
Standards for Certified Milk’’ of the American Association of 
Medical Milk Commissions. 


for Detection of Coliform Bacteria 


Bacto-Viotet Rep Bite Aaar is widely used for direct plate counts 
of coliform bacteria. Upon plates of this medium accurate 
counts of these organisms are readily obtained. 

Bacto-BrRILLIANT GREEN BILE 2% 

Bacto-ForMaTe RictNoLEATE BrorH are very useful liquid media 
for detection of coliform bacteria in milk. Use of these media 


is approved in ‘‘Standard Methods.’’ 
for Detection of Molds 


Bacto-Porato Dextrose AGar is an excellent medium for detection 
and enumeration of molds and yeasts in butter and other dairy 
products. The formula of this medium corresponds exactly 
with that specified in ‘‘Standard Methods.’’ 

Bacto-Maut Agar is also widely used for determinations of the mold 
and yeast count of dairy products and for control of the 
sanitary conditions of manufacture. 


for Cultivation‘of Lactobacilli 


Bacto-TomarTo Juice AGAR 

Bacto-Trypsin Digest Acar support luxuriant and characteristic 
growth of Lactobacillus acidophilus, and are well adapted for 
use in establishing the number of viable organisms in acid- 
ophilus products. These media are also widely used for 
estimation of the degree of implantation of L. acidophilus. 


Specify ‘‘DIFCO”’ 


The Trade Name of the Pioneers in the Research and Devel- 
opment of Bacto-Peptone and Dehydrated Culture Media 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 











